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Introduction —. 


Antonio M. Gotto, Jr., MD, DPhil 


discussed the significance of high-density lipo- 

protein (HDL) cholesterol in the prevention of 
coronary artery disease. I would like to begin by offering 
some background information that will help put into per- 
spective the studies that have been carried out to date. 
Whereas low-density lipoprotein (LDL) cholesterol 
contributes to the deposition of cholesterol in the arterial 
wall, HDL appears to promote the removal of these de- 
posits. This latter process, termed reverse cholesterol 
transport (Fig. 1), was first postulated almost 20 years 
ago by John Glomset at the University of Washington in 
Seattle. In his hypothesis, Glomset described a process by 
which HDL “scavenges” cholesterol from peripheral tis- 
sues, which would include the arterial wall. According to 
this theory, the only means by which the body can remove 
cholesterol is through the liver and gastrointestinal tract 


I J fic are presentations from a symposium that 
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in the form of either cholesterol or bile acid. After choles- 
terol is converted zo cholesteryl ester, HDL either trans- 
ports the cholesterol directly back to the liver or transfers. 
the cholesteryl ester zo other lipoprotein fractions (e.g.., 
* LDL), which may carry the cholesterol back to the liver 
for disposal (Fig. 1). 

The potential for high levels of HDL cholesterol to 
have an antiatherosclerotic effect was first noted in the 
late 1940s and early 1950s by John Gofman and by Russ, 
Barr and. Eder. These early observations were more oz 
less overlooked until the mid 1970s, when 3 important 
epidemiologic studies brought HDL to the forefront of 
research on athefcsclzrosis. Our symposium participants 
clude 3 persons,who represent these studies: Norman 
Miller (the Troms¢ Study, Norway); Peter Wilson (The 
Framingham Heart Study); and Basil Rifkind (the Hon- 
olulu Heart Study sponsored by the National Heart, 
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Lung, and Blood Institute). Until the results of these and 
other large clinical trials became available in the 1980s, 
however, there was little interest in cholesterol as a public 
health issue. 

In this supplement, we hope to review the results of 
these recent trials as well as some data drawn from basic 
science research. We will also discuss the new guidelines 
for controlling cholesterol put forth by the National Cho- 
lesterol Education Program and the development of new 
lipid-lowering agents, including the hydroxymethylglu- 
taryl coenzyme A reductase inhibitors. Finally, we will 
review the 1987 and 1988 results of the Helsinki Heart 
Study, which offered the first clinical evidence that in- 
creasing HDL levels and decreasing LDL levels through 
dietary interventions and administration of gemfibrozil 
can contribute significantly to reducing coronary artery 
disease. 





High-Density Lipoprotein Cholesterol and | 
Coronary Artery Disease: Survey of the Evidence 


Basil M. Rifkind, MD i 


The epidemiologic evidence linking high-density li- 
poprotein (HDL) levels with coronary artery disease 
(CAD) is persuasive. Case-control studies have 
shown CAD patients to have lower HDL levels than 
control subjects. Several large-scale, observational 
epidemiologic studies in the United States and 
abroad have shown a strong independent inverse 
relation between HDL and CAD. Women have a 
lower incidence of CAD than men of the same age; 
this has been attributed to their higher HDL levels. 
Postmenopausal women taking estrogen replace- 
ment therapy have higher HDL and lower low-den- 
sity lipoprotein (LDL) levels, and a much lower inci- 
dence of CAD. Statistical analysis suggests that 
much of this is attributable to HDL levels. 

In several clinical trials, reduced levels of total 
or LDL cholesterol have been accompanied by in- 
creased HDL levels. Cox proportional hazards anal- 
ysis suggests that the increment in HDL levels 
made an independent contribution to the reduction 
in CAD risk. In several angiographic studies, the in- 
crease in HDL may have contributed to the de- 
creased progression, increased stabilization and 
possible regression of coronary lesions. 

Despite this range of impressive evidence, a 
number of unresolved issues have prevented the 
emergence of a consensus regarding the prevention 
of CAD by increasing HDL levels. Between-popula- 
tion comparisons of HDL and CAD do not match 
the within-population relations. Animal research on 
the relation between HDL, atherogenesis and CAD 
has been relatively scanty. Although much evidence 
suggests that reverse cholesterol transport partial- 
ly explains the protective effect of HDL, there are 
still doubts as to its role. Problems with measure- 
ment of HDL have inhibited widespread recommen- 
dations for its use in prevention programs. Our 
ability to increase low HDL levels by hygienic 
means is uncertain, and there is insufficient infor- 
mation regarding the use of drugs for such a pur- 
pose. 

The recent report of the National Cholesterol 
Education Program Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholester- 
ol in Adults, while not advocating universal screen- 
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ing for HDL, did assign a risk-factor status to a low 
HDL level, and recommended HDL measurement in 
a large proportion of persons classified initially on 
the basis of total chelesterol levels. The results of 
the Helsinki Heart Study support the use of gemfi- 
brozil in patients with high-risk LDL levejs who 
also have borderline hypertriglyceridemia and low 
HDL levels. . 
(Am J @ardic? 1990;66:3A-GA) 


| here are 3 well-recognized, modifiable risk fac- 
l tors for coronary artery disease (CAD): (1) high 
blood levels of total cholesterol or AH surrogate, 
low-density lipoprotein (LDL) cholesterol; (2) high blood 
pressure; and (3) cigarette smoking. The greater the level 
of any of these risk factors, the greater the likelihood a 
person will experience a coronary event (Fig. 1). Ofe 
course, if more than one these risk facters is present, the 
risk for CAD is correspondingly multiplied, ° 

Both experimental and clinical research now suggests 
a fourth potentially modifiable risk factor: a low level of 
high-density lipoprotein (HDL) cholesterol in the blood. 
Unlike the other risk factors, however, HDL#s inversely 
correlated with risk for CAD. The higher the HDL level, 
the lower the risk. Given this relation, HDL may be 
viewed as a potentially antiatherogenic factor. Evidence 
to support this protective role tomes from a variety of 
sources. Early case-control studies indicated that patients 
with CAD tended to have lower levels of HDL than did 
matched control subjects. However, one must be cautious 
in interpreting such studies, since they examine a given 
parameter after the disease has already become manifest 
clinically. 

The results of prospective, large-scale observational 
studies, such as The Framifigham Steady, are more reli- 
able when trying to assess intlividugl risk factors. In the 
Lipid Research Clinics® Followup Study CLRCF), in 
which initial observations wese made in the 1970s, HDL 
level correlated inversely with*coronary events even after 


‘adjustments were made for patient age and a variety of 


risk factors. 

` A systematic analysis of the data available from these 
and other studies has recently been performed by David 
Gordon and his colleagues. Based on an aggregate analy- 
sis of the findings in The Framingham Study, the Lipid 
Research Clinics Coronary Primary Prevention Trial 
(LRC-CPPT), the Multiple Risk Factor Intervention 
Trial (MRFIT) and the LRCF, this inverse relation be- 
tween level of HDL and risk for CAD was found to 
persist whether the population studied was male or fe- 
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male and whether the focus was on morbid"or fatal corc- 
nary events (Fig. 2). In fact, the degree of congruence 
among these®4 studies was striking and indicated that an 
increase in HDL of 1 mg/dl translates to a 2 to 3% 
reduction in ÇAD risk (i.e., a 1% increase in HDL :s 
associated with a 1.5 to 2% reduction in CAD risk). 

Additioril information regarding the value of the 
HDL level in predicting risk has just become available 
from a more recent analysis of the LRCF. This study 
provid@l.an opportunity to survey several thousand 
adults, who did not have CAD on entry into the study. A.t 
follow-up, we con<irmed that the higher the LDL level, or 
the lower the HEL ‘evel, the greater the risk for a fatal 
coronary event. When we looked at a corresponding 
group who,*at the time of entry, had evidence of CAD 
ranging in severity from an abnormal electrocardiogram 
to frank infarction, we found the same correlation be- 
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Men (FHS) 


Men (CPPT) 


CAD Events/1,000/yr 


`~ Women (FHS) 
Men (MRFIT™ 


Evlow 40 40 to 49 Above 50 
Plasma HDL-C (mg/dl) 
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FIGURE 2. Plasma HDL cholesterol (HDL-C) levels and inci- 
dence of coronary artery disease (CAD) in four American 
studies. CPPT = Coronary Primary Prevention Trial, 

FHS = Framingham Heart Study, LRCF = Lipid Research Cin- 
ics Follow-Up Study, MRFIT = Multiple Risk Factor Interven- 
tion Trial (usual-care group only). (Reprinted from Circula- 
tion,” with permission of The American Heart Association, 
Inc.) 
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tween high LDL level or low HDL level and risk for a 
coronary event, although the absolute risk was much 
greater in this group than in those without CAD on entry, 
as would be expected. Thus, the LDL level again proved 
to be a strong predictor of risk, especially in those with 
CAD, as did the HDL level, which proved to be an impor- 
taat inverse predictor. 


AGE AND LIFESTYLE FACTORS AFFECTING 
HIGH-DENSITY LIPOPROTEIN 

The LRC Prevalence Study revealed that mean HDL 
levels in men are 45 to 55 mg/dl and are little affected by 
age, at least until age 55 or older. In women, however, 
HDL levels are 10 to 15 mg/d. higher and tend to in- 
crease with age. This may help =xplain why the risk for 
CAD is lower in women than in men until after meno- 
pause, at which point this risk begins to increase, It should 
be noted that we are dealing witk much lower values with 
HDL than would be the case for total cholesterol, which 
may be 4 to 5 times greater. Laboratories are often un- 
able to provide the degree of precision and accuracy that 
cen be achieved for measuremerts of total cholesterol, so 
that repeat measurements of HDL are required for prop- 
e1 evaluation. 

Another factor having a profound effect on HDL 
levels in women is the use of postmenopausal sex hor- 
mones. As is well documented, use of estrogens is associ- 
azed with much higher levels of HDL compared with 
levels in women who do not use these hormones. On the 
oher hand, estrogen use correlates with lower levels of 
LDL. Therefore, in terms of total cholesterol, the changes 
ir. these 2 component lipids with estrogen use tend to 
balance each other out. In the 1970s, about 30% of all 
postmenopausal women reported taking estrogens, and 
follow-up studies of this population suggest that their risk 
for CAD is much lower than ths risk in women who did 
not use these hormones. 


RISK FACTOR MODIFICATION AND 
HIGH-DENSITY LIPOPROTEIN 

A number of factors have clearly emerged that appear 
to influence HDL levels. Many studies are exploring the 


A 
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TABLE | Mean and Current Cigarette Smoking Status Before and After Adjustment for Selected Covariables* 


Men 
20-69 Years 
(cigarettes /day) 


0 1-19 


HDL-C (mg/dl) 
Unadjusted 
HDL-C (mg/dl) 
Adjusted for age, obesity, alcohol and exercise 
Adjusted difference 0 vs >20 (day) 
* Adapted from Crique MH, et al. Circulation 1980; 62(supp! M):IV-70. 


t p <G.01 compared with nonsmokers. 
HDL-C = high-density lipoprotein cholesterol. 


value of altering these factors to achieve a more favorable 
lipid profile. Principal among these factors is obesity. In 
almost every epidemiologic study of the relation between 
obesity and HDL, whether the subjects are men 8r wom- 
en, old or young, HDL levels tend to be lower in persons 
with a greater degree of obesity. 

Cigarette smoking, which is an independent risk fac- 
tor for CAD, also has an adverse effect on HDL levels. If 
we look at the effect of smoking on HDL levels unadjust- 
ed for covariables such as age, obesity, alcohol intake and 
exercise, we find that for men and women, whether or not 
they take estrogens, HDL is lower by about 4 to 8 mg/dl 
in those who smoke heavily compared with nonsmokers. 
In truth, however, the effect is’ underestimated, since 
persons who smoke also often consume alcohol, and alco- 
hol intake correlates directly with a decreased HDL level. 
When the values are adjusted for covariables, the change 
in HDL is even greater (5 to 9 mg/dl) (Table I). Al- 
though these decreases seem small, the percentage shift in 
HDL level is actually considerable when you consider 
that the denominator is only 45 to 50 mg/dl. As men- 
tioned earlier, a 1% change in HDL could mean a 1.5 to 
2% change in CAD risk. 

Physical activity is believed to alter HDL level favor- 
ably based on studies using a variety of measurement 
techniques. We asked patients whether they considered 
themselves active or inactive. Although this was a rather 
subjective measure, it proved sensitive enough to reveal 
that those who were more active had higher HDL levels. 
Other studies have measured HDL after subjects en- 
gaged in exercise programs, and the results were similar. 
` Many of us are familiar with the results of studies, in 
which marathoners or mountaineers were found to have 
much higher levels of HDL than did control subjects. 

The potential for influencing HDL by manipulating 
the factors just outlined is great and, theoretically, could 
have a marked impact in reducing the incidence of CAD. 


INCREASING HIGH-DENSITY LIPOPROTEIN 
LEVELS: RESULTS OF CLINICAL TRIALS 

In several large-scale clinical trials designed to deter- 
mine whether treatment to lower lipid levels would re- 
duce coronary risk, the possible benefits of increasing 
HDL levels became apparent. In the LRC-CPPT, treat- 
ment with cholestyramine led to significant reductions in 
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total cholesterol and LDÉ and small i increases in HDL, 
with consequent reductions in coronary risk and evidence 
of CAD. Upon careful statistical amalysis, we found that 
the decremést fn LDL and the increment in HDL inde- 
pendently accounted for these favorable effects. 

More impressive results were reported from the Hel- 
sinki Heart Study, in which gemfibrozil not only reduced 
LDL but also increased HDL more than in the LRC- 
CPPT; the correlation between the i increase in HDL and 
the’ reduction i in CAD risk was significant (see Brown, p. 
11A). 

Several other studies involving drug therapy to lowes 
cholesterol levels hawe also reported. concomitant in- 
creases in HDL. Of particular interest is the Coronary 
Drug Project, in which nicotinic acid presumably in- 
creased HDL significantly. At follow-up, total and car- 
diovascular mortality rates were reduced even.though the 
patients were no longer taking nicotinic acideReductions 
in nonfatal and fatal coronary events were reported from 
the Stockholm Ischemic Heart Disease Secondary Pre- 
vention Study, in which a combination of nicotinic acid 
and clofibrate was used. œ 

In the Cholesterol-Lowering Atherosclerosis Study, 
patients who had undergone coronary artery bypass 
grafting were monitored angiographically over 2 years to 
detect the effect of nicotinic acid and colestipol on arterial 
lesions. This regimen was associated with.a marked in- 
crease in HDL and a profound decrease in LDL and 
resulted in less progression and more Soo of lesions. 


STRENGTHS AND WEAKNESSES ` 
IN THE EVIDENCE ° e 

The evidençe that decreasing LDL will reduce the risk 
fór CAD is indisputable; in addition, the evidence that 
high levels of HBL appear to offer some protection 
against CAD is quite persuasive. We have a number of 
impressive findings: (1) CAD is more prevalent in men 
than in women, and women have higher HDL levels than 
men. (2) Postmenopausal estrogen therapy is associated 
with higher HDL levels, and women who use these hor- 
mones have a lower risk for CAD than do those who do 
not use them. (3) In general, case-control and prospective 
studies suggest that HDL is a powerful inverse predictor 
of risk. (4) A biochemical mechanism has been postu- 
lated, i.e., the so-called reverse cholesterol transport sys- 
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tem, that may explain HDL’s antiatherogenic effect. (5) 
Finally, the results of several major clinical trials strongly 
suggest that HDL plays a role in reducing CAD risk. 
Nevertheless, some questions remain unanswered. Ia 
' international comparisons, HDL level has usually been 
found to be a predictor of risk within populations but nct 
between populations. Although many animal studies 
have been performed todetermine why HDL has a prc- 
tective effect, the data are insufficient. Proposed bic- 
chemical*mechanisgs remain unclear and have not been 
unanimously accepted. Certain genetic disorders charac- 
terized by low HDL levels predispose to CAD, whereas 
others do not. Because nọ clinical trial has shown an 
ncreased HDL level to be the sole or predominant lipid 
change, other factors may be involved that contribute to 
the benefits reported. Finally, our ability to increase 
HDL level through lifestyle® modifications is variable, 
and information concerning the effectiveness of drugs for 


increasing low HDI» levels is insufficient. 
e° 


HIGH-DENSITY LIPOPROTEIN AND 
THERAPEYTIC GOALS 

There has beea some criticism of the National Choles- 
terol Education Program Panel Guidelines over the fact 
that they pay*toc little attention to HDL. In the guide- 
lines, HDL measured as part of the lipid profile assess- 
ment, which is performed only if the total cholesterol level 
és 2240 mg/dl, or if a patient has a total cholesterol level 
of 200 ġo 239 mg dl plus 2 or morẹ risk factors or known 
CAD. Even if increasing the HDL level does not become 
a primary goal of therapy, its role as a powerful predictor 
of CAD risk will net diminish. 

As articulated by the Panel, the primary goal of hypo- 
cholesterolegnic therapy is to reduce LDL levels. How- 
ever, in response to the announcement of the results of tke 
Helsinki Heart Study, a footnote was added to the Guide- 
lines, stating that gemfibrozil might be considered a firs:- 
line agent in patients with high LDL and triglycerice 
levels, and low HDL levels (i.e., LDL >190 mg/dl, tri- 
glycerides >250:to 500 mg/di and HDL <35 mg/dl). 
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Predominantly, these are patients with type IIb hyperlipi- 
demia, as noted in the Food and Drug Administration 
indications for gemfibrozil. 


CONCLUSIONS 

As the story of HDL continues to unfold, we hope to 
see some of the evidence presented amplified by addition- 
al clinical trials. Certainly, HDL level can be considered a 
powerful predictor of CAD risk, and the findings to date 
are persuasive enough to warrant further exploration. It is 
hoped that the information obtained will guide us in man- 
aging those persons at high risk for CAD. 
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High-Density Lipoprotein, Low-Density 
Lipoprotein and Coronary Artery Disease 


Peter W.F. Wilson, MD. 


Lipoprotein cholesterol data from the Framingham 
Heart Study show that low-density lipoprotein 
(LDL) and high-density lipoprotein (HDL) cholester- 
ol levels are important in determining risk for coro- 
nary artery disease (CAD). Increased LDL and de- 
creased HDL cholesterol levels are associated with 
_an increase in CAD. Such relations are independent 
of the usual coronary risk factors, such as cigarette 
‘use and hypertension. A 1% greater LDL value is 
associated with slightly more than a 2% increase in 
CAD over 6 years; a 1% lower HDL value ip associ- 
ated with a 3 to 4% increase in CAD. Even at total 
cholesterol levels <200 mg/dl, lower HDL levels are 
associated with increased myocardial infarction 
rates in both men and women. Death from CAD is 
increased when HDL. levels are low, but there is no 
such relation between HDL level and cancer death. 
Triglyceride levels were associated with CAD in 
Framingham men and women, but the association 
- was no longer significant in men after adjustment 
for HDL levels. The major determinants for greater 
HDL levels in Framingham participants included fe- 
male sex, estrogen use, leanness, greater alcohol 
intake, exercise, abstinence from smoking and lack 
of diuretic or §-blocker use. 

(Am J Cardiol 1990;66:7A-—10A) 


From Framingham, Massachusetts. 

Address for reprints: Peter W.F, Wilson, MD, Director of Labora- 
tories, Framingham Heart Study, 5 Thurber Street, Framingham, 
Massachusetts 01701. 
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ince 1954, the Framingham group has been study- 
S ing low-density lipoproteins {LDL). Im the initial 
studies, 8 particles were measured (Svedborg frac- 
tion 0 to 20) and pre- particles (fraction 20 to 400) were 
also determined. Using this early method, it was not 


-possible to detéct the, high-density particles present at te 


bottom of the sediment. 

If we look at the data collected over 28 years of follow- 
up, we can already see evidence of the reldtion between 
LDL and very low density lipoprotein (VLDL) levels and 
coronary artery disease (GAD).'eIn 1972, lipoprotein 
cholesterol gations were determined, allowing us to in- 
vestigate the relation between high-density lipoprotein 
(HDL) cholesterol and CAD events in mgn and women 
using a sample of about 2,800 participants who attended 
that clinical examination.2 This group did not include 
persons younger than age 50 years, and tĦe results repre- 
sented a follow-up of only 6 years. å 

At 12-year follow-up of the original cohort, we exam- 
ined HDL and total cholesterol by quartiles and foung 
that the protective effect of HDL cholesterol with regard 
to the incidence of myocardial infarction, (MI) in men 
was Statistically significant: as HDL cholesterol de- 
creased and total cholesterol increased, the incidence of 
myocardial infarction increased (Table I).4 The impact 
of total cholesterol is weaker as a risk factorgafter age 60, 
but it is still significant. Our report of these findings came 
out at about the same time the National Cholesterol 
Education Program Guidelines were issued, and as can be 
seen from the tables, even thase participants with a total 
cholesterol level <200 mg/dl were having heart attacks. 
In this case, about 10 to 20% of events would have been 
missed if the guidelines had been applied. Ifa cutoff value 
of <35 mg/dl for HDL in men were used, about 10% af 
the eventual victims of MI would go undiagnosed. The 
same basic results were observed among the women stud- 
ied (Table I), although the CAD event rates were lower, 
even among postmenopausal women, Therefore, with ac- 
curate HDL measurements and screening, it should be 
possible to adequatelysdetect #90% of those at risk for 

MI. 


In the early 1970s, we measured triglyceride levels in 
addition to HDL and total cholesterol levels in the Fra- 
mingham cohort. Among the men, we found a statistical- 


‘ly significant relation between HDL and CAD events 


adjusted for age at 14-year follow-up; however, when 
triglyceride levels were factored in, they did not affect this 
result (Fig. 1). In contrast, for the women, both a low 
HDL level and a high triglyceride level were associated 
with risk for CAD (Fig. 2). Therefore, measurement of 
triglyceride levels may prove useful over and above its 
value in calculating LDL, at least in women! 
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A SYMPOSIUM: HDL CHOLESTEROL IN CORONARY ARTERY DIS=ZASE 


TABLE I Age-Adjustec 12-Year Incidence (Rate /100) of Myocardial Irfarction by Quartile of High-Density Lipcprotein Cholesterol 
Within Each Quartile of Total Cholesterol Among Men 


Total Cholesterol Quartile (mg/dl) 


2nd 3rd 4th 
(193 tc 215) (216 to 244) (245 to 376) 


17.0 (19/59) 12.9 (8/67) 
18.0 (11/61) 18.3 (11/89) 
12.5 (&/64) 20.2 (12/60) 
13.1 (10/76) 8.7 (6/64) 


HDL Ist 
Quartile {116 to 192*) 


17.1 (12/71)t 
* 9507/71) 
7.0 (4/56) 
2.2 (1/49) 


* Significant HDL effect in għen range of total cholesterol: p <0,01. 
t Values in parentheses -epresent the number of events /nurnber at risk. 


14.3 (6/42) 
14.2 (12/84) 
19.7 (0/51) 
10.9 (8/73) 


TABLE || Age-Adjusted 12-Year Incidence (Rate 100) of Myocardial infarction by Quartile of High-Density Lipoprctein Cholesterol 
Within Each@Quarti 2 of Total Cholesterol Among Women 


Total Cholesterol Quartile (mg/dl) 
= i HDL. is ® Pi 
Quartile (124 to 211*) 


9.4 (10/104) 
5.4 (5/91) 
6.0 (5/84) 
1.3 (1/80) 


2nd ‘ 3rd 4th | 
(212 to 257*) (238 te 266*) (257 to 412") 


7.6 (7,91) 12.6 (10/77) 12.1 (11/84) 
7.8 (7,89) 5.6 (5/90) 10.7 (9/84) 
5.9 (7,/83) 5.3 (£/96) 8.9 (8/90) 
0.0 (0/85) 2.3(Z/91) 2.0 (2/99) 


* Significant HDL effect in given range of total cholesterol: p <0.05. 
t Significant HQ, effect in ghen range of total cholesterol: p <0.01. 
+ Values in parentheses represent the number of events /nurnber at risk. 


793-138 Trig (mg/d ) 
Z / 32-92 


Rate per 1000 men 


12-39 40-49 50-129 


HDL-C (mg/dl) 
Baseline age 50-84 


FIGURE 1. The age-acjusted 14-year rates of coronary heart 
disease in relation lo triglyceride (Trig) and high-density lipo- 
protein cholesterol (HDL-C) levels for men. (Reprinted with 
permission from Can J Cardiol.) 


© 

© o 

Over the next few years, we should learn more about 
other conditions jor which high lipid levels are markers, 
such as obesity ard insulin rgsisfance, particularly in post- 
menopausal women. The Framingham Study is one of 
the few studies to look at HDL cholesterol and mortality. 
It appears that there is no relation between HDL level 
and cancer death, tut HDL cholesterol seems to be en 
important risk facto- in coronary, cardiovascular and a_l- 
cause mortality, particularly in men.’ 

When advising patients about steps they might take to 
reduce their risk for CAD, we have found it useful to 
summarize those factors that appear to increase and de- 
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Rale pen 1000 wonien 


23-49 50-62 §3-139 


HDL-C (mg/d!) 





Baseline age 50-84 
FESURE 2. The age-adjusted 14-year rates of coronary heart 
disease in relation to triglyceride (Trig) and high-density lipo- 
protein cholesteral (HDL-C) levels for women. (Reprinted with 
permission from Can J Cardiol.*) 


crease HDL level (Table II). Factors that increase HDL 
are behavioral or hygienic factors, such as leanness, alco- 
hcl intake and exercise, as well as estrogen replacement 
therapy. Factors that decrease HDL level include obesity, 
cizarette smoking, androgens, inact:vity and use of thia- 
zide diuretics. Genetic factors may also affect HDL cho- 
lesterol, and cardiovascular med:cations such as æ and 8 
bblckers are now teing evaluated with regard to their 
effects on HDL and, more recer.tly, apolipoprotein AI.® 

In a study of the Framingham offspring, at 8-year 
follow-up we found that not only do obese persons have 
lower HDL levels, but a weight increase of about 5 


Leanness 
Estrogens 
Alcohol intake 
Exercise 


Obesity 


Androgens 
Cigarette smoking 
Inactivity 

Diuretics 

Beta blockers 
Genetic 


Alpha blockers 
Genetic 


®—~ Total-C 
& - LDL-C 
@«° VLDL-C 
m— HDL-C 


Mean age-adjusted difference 
(mg/d) 
oa & 5 S 


i 
wn 


0.5, 1.5 


-0.5, 0.5 
Change in body mass index 


FIGURE 3. Relation of changes in lipid levels and weight in 
Framingham offspring (1974-1982), C = cholesterol: 

HDL = high-density lipoprotein; LDL = low-density lipoprotein; 
VLDL = very low density lipoprotein. (Reprinted with permis- 
sion from Atherosclerosis.’) 


pounds (or 1 unit according to the body mass index) is 
associated with a 5% decrease in HDL level, as well as 
increases in LDL and VLDL levels (Fig. 3).’ 
Similarly, persons who smoke 2 packs of cigarettes per 
day have HDL levels of 3 to 5 mg/dl less than nonsmok- 
ers. Alcohol intake, exercise, and HDL level appear to be 
interrelated, as shown in a study in which subjects drank 
no beer at baseline and then drank 1 liter /day of beer for 
3 weeks. For those who were active (in this case, joggers), 
HDL cholesterol changed very little during the 3-week 
period, whereas HDL levels in the inactive subjects in- 
creased but then decreased with abstention (Fig. 4).? 
Diet is another important factor affecting HDL cho- 
lesterol. In a study performed in the mid 1970s, we com- 
pared a control group from among the Framingham off- 
spring with a group of macrobiotic vegetarians. HDL, 
VLDL, LDL and total cholesterol levels were all lower in 
the vegetarian group (Fig. 5).!° Based on this study, per- 
sons eating vegetarian diets should probably not be ex- 
pected to have increased levels of HDL cholesterol. 
Researchers are also trying to determine whether 
HDL subfractions (HDL, and HDL;) are cardioprotec- 
tive. In the earliest studies, methods of measuring these 
subfractions involved ultracentrifugation and were very 
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@ Alcohol x 3 wks 
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FIGURE 4. Effect of alcohol intake on high-density lipoprotein 
cholesterol (HDL-C) i in runners and inactive men. (Reprinted 
with permission ftom JAMA.?) z 


Baseline Abstain x 3 wks 
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FIGURE 5. Mean plasma lipids and lipoproteins į it vegetarian 
subjects and Framingham offspring (control group). Abbrevia- 
tions as in Figure 3. Mean values are written above bars. (Re- 
printed with permission from N Engl J Med.?° ® 


mote HDL» mass 
wom HDL-C 
++% HDL mass 


Change (%) 


Miles per week 


FIGURE 6. High-density lipoprotein cholesterol! (HDL-C) 
changes observed with increased exercise. (Modified from 
Metabolism.*) 


expensive. Later tests have snvolved 4 process of precipi- 
tation; therefore, results mayenot þe comparable to those 
obtained in the initial studies. For example, the early 
results suggested that HDL; is more cardioprotective, but 
recent results suggest that bosh HDL, and HDL; confer 
some protection. Figure 6 shows changes in HDL choles- 
terol with exercise from a study by Wood!! in Stanford, 
California. Joggers who ran 10 miles per week for 10 
months showed a 10% increase in HDL, particularly 
HDL,.!! 

In the Framingham Study,!? exercise also appeared to 
have a cardioprotective effect with regard to lipid levels. 
Among the Framingham offspring who exercised for > 1 
hour each week, there was a difference of 6 to 7 mg/dl in 
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FIGURE 7. Physical activity and lipid levels as observed in 
Framingham offspring (1979-1983). Abbreviations as in Fiz- 
ure 3, (Repynted with permission from Am J Epidemiol.1?) 


the men and of 7 tog mg All in the women (Fig. 7). This 
translates into a level of cardioprotecti8nedf 15 to 25%. 

What about the impact of estrogens taken after mero- 
pause? In pestmencpausal women, the LDL level begins 
to increase and the HDL level begins to decrease. Estro- 
gen therapy, at the doses given today, does seem to pre- 
vent this decfease in HDL. However, the risks and ber.e- 
fits of posignencpaiisal estrogens with regard to heart 
a cancer anc osteoporosis are now being debat- 

goede 


E 
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Clinical Trials Including an Update on the 
Helsinki Heart Study 


W. Virgil Brown, MD 


The incidence of myocardial infarction (MI), sudden 
death and other clinical manifestations of coronary 
heart disease can be reduced by lowering the blood 
cholesterol level. This is now well established by 
multiple clinical trials using a variety of interven- 
tions including diet and lipid-lowering drugs. Di- 
etary studies in Los Angeles and in Oslo, Norway, 
have induced a reduction in blood cholesterol of be- 
tween 10 and 15% with correlated reductions in 
coronary disease of 20 to 50%. Both niacin and 
clofibrate in separate cohorts demonstrated a sig- 
nificant reduction in new MI during 5 years of 
treatment in the Coronary Drug Project. Similar re- 
ductions in new Mi occurred in the World Health 
Organization Study with clofibrate. However, in 
this trial and different from all other trials, mortali- 
ty in the drug-treatment group actually increased. 
This finding remains unexplained. 

In the more recent Lipid Research Clinics Coro- 
nary Primary Prevention Trial using the bile acid— 
binding resin cholestyramine, only a 9% reduction 
in total cholesterol resulted in a highly significant 
reduction in the major end points——MI and sudden 
death—as well as in other secondary end points, 
including the need for coronary artery bypass graft 
surgery, ischemic changes on exercise electrocardi- 
ography and new-onset angina. Recently, another 
primary prevention trial using gemfibrozil produced 
a similar reduction in total cholesterol but a much 
more significant increase in high-density lipoprotein 
cholesterol. The reduction in coronary heart dis- 
ease was in excess of 34% and was strongly relat- 
ed to both low-density lipoprotein cholesterol re- 
duction and high-density lipoprotein elevation. 

Combination drug studies have produced larger 
reductions in total cholesterol. In the Stockholm 
Heart Study, niacin and clofibrate produced a sta- 
tistically significant reduction in total mortality in 
patients who had had recent MI. Similarly, in men 
who had undergone coronary artery bypass graft 
surgery, the combination of niacin, colestipo!l and 
diet produced strong evidence of a reduced rate of 
progression of arteriosclerotic lesions as demon- 
strated by coronary angiography. This study, con- 
ducted at the University of Southern California, 
was the Cholesterol-Lowering Atherosclerosis 
Study. it also produced evidence of lesion regres- 
sion in some patients. 


From the Medlantic Research Foundation, Washington, DC. 
Address for reprints: W. Virgil Brown, MD, Medlantic Research 
Foundation, 108 Irving Street NW, Washington, DC 20010. 
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Although these studies have been carried out 
primarily in middie-aged men, theeolder segments 
of these populations have appeared to do as well 
with regard to disease prevention as jhe younger 
members of the cohorts. We can now treat patients 
with high blood cholesterol levels both before and 
after manifestation of coronary disease with signifi- 
cant assurance that beneficial effects will accrue. 
Additional studies with newer and more powerful 
lipid-lowering agents are needed, as are studies in 
women and the elderly. >? e 

e ° (Am J Cardiol 1990;66:11A-15A) 


e, 

efore reviewing some of the clinica! trials designed 
B: elucidate the role of lipids in coronary artery dis- 
ease (CAD), I would like to acknowledge the ex- 
tensive animal research that preceded these érials. Many 
different animal species, including primates, were studied 


in an attempt to understand the effects of cholesterol one 


coronary vessels. In general, those studies showed that 
diets high in cholesterol and saturated fat prodifced high 
levels of cholesterol in the blood. High blood cholesterol is 
necessary for the development of arteriosclerosis. Con- 
versely, when dietary cholesterol was reduced in these 
experiments, not only did new atheroscleroti@lesions fail 
to appear, but existing lesions were also seen to regress. 
Certainly, we have relied on these animal data in develop- 
ing our clinical approach to this problem and in choosing 
therapies for reducing blood levels of cholesterol. 


WHAT CAN BE EXPECTED? 

Each of the clinical trials under discussion was de- 
signed to answer a specific question or questions. Fre- 
quently, however, these trials have been criticized be- 
cause they have not provided answers to all our questions, 
even though they may have satisfactorily fulfilled their 
original goals, For the most fart, thesestrials have focused 
on risk for CAD and, more specifically, the incidence of 
myocardial infarction @MI) ar sudden death. Since 
these events age definite, they are so-called “hard” end 
points. Although in many c&ses additional interesting 
observations were made and these could be used to build 
new hypotheses, they were not necessarily related to the 
original intent of the investigators. Therefore, I think we 
should keep these points in mind as we judge the out- 
comes of these trials, which involved the use of diet, drug 
therapy or both to reduce cholesterol levels in the blood. 

Results of epidemiologic and experimental studies 
clearly indicated that high blood cholesterol levels were a 
risk factor for CAD. On this basis, clinical trials were 
designed to determine whether lowering blood cholesterol 
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in middle-aged perscns could indeed reduce the incidence 
of CAD significantly. This has proved to be a difficult 
task. I will review a few of the earliest clinical trials =o 
provide sonee perspective. 


EARLY TRIALS 
In he Wadsworth Veierans Administration Study, 
800 vetefans, the youngest of whom was 54 years of age, 
were randomly diviced into 2 groups: 1 group continued 
to eat food from the hospital’s usual kitchen, whereas the 
other group received a special diet that was lower :n 
saturated fat and cholesterol.! There was an immedia:e 
decrease in mean total cholesterol of about 13% in the 
group with the modified diet; over the course of 8 years, 
an average difference of 12.7% was maintained between 
the modified diet and control groups (Fig. 1). 
Although the total cholesterol levels in the control 
group did decrease slowly as the study continued, possibly 
because vegetable oil began to be used instead of saturat- 
ed fat in the hospital kitchen, the difference between the 
groups persisted simply as a result of the difference in 
dietary composition. At 3 years, the number of cardiovas- 
culr end points was significantly lower for the experimen- 
tal group. This s-uely was nôt considered conclusive bz- 
cause the end pointg were°a mix of different vascular 
events, many of which cauld not*e measured using stan- 
dard assessment too.s and some of which yere somewhat 
subjective, such as the occfirrence of angina pectoris. In 
addition, some participants already had CAD; therefore, 
the study could also be seen as an exercise in primary as 
well as secondary prevention. Nevertheless, when thè 
data were analyzed further, the researchers found that 
the differential was highest in the men who were belcw 
the mean age of the entire group and had higher choles- 
terol levels, although even among the older subjects there 
was a trend toward fewer events in the experimental 


group. 
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FIGURE L Relative change in se- 
rum cholesterol achieved in the 
Wadsworth Veterans Administra- 
tion Study. Patients receiving a low- 
saturated fat, low-cholesterol diet 
showed an immediate decrease in 
cholesterol of 129%. Values in the 
control greup remained, on aver- 
age, 12.7% higher than those in 
the modifizd diet group. (Reprinted 
with permission from Circulation.’) 


A few years “ater in the study by Leren? in Oslo, men 
who already hac CAD were given a low-cholesterol, low- 
fat diet with similar results. The incidence of all coronary . 
end points was s:gnificantly reduced, although, again, the 
number of “hard” events (i.e., MI and death from CAD) 
was too small for these results to be considered conclu- 
sive. 

Another diezary trial in Oslo that grew out of the 
Leren study was conducted ty Hjermann and col- 
leagues,? who addressed the question of primary preven- 
tion of CAD. Participants were men whose mean total 
cholesterol leve. was approximately 325 mg/dl. They 
were assigned to either a treatment group or a control 
group, and all wre instructed to undergo an annual clini- 
cal examination and report the results to their physicians. 
Intervention corsisted of dietary therapy to lower choles- 
terol and a smoking cessation program, which resulted in 
a 12% decrease in total cholesterol levels and a 50% 
reduction in the smoking rate. After 90 months of moni- 
toring, the incidence of cardiovascular events (MI and 
sudden death) was about 3% ir the treated group and 
almost 6% in the control group, although the untreated 
patients did show a modest decrease in cholesterol during 
the follow-up period. 

Thus, in these early studies, dietary modification was 
effective in decreasing the cholesterol level significantly, 
with a positive cutcome in terms of coronary end points. 

In an attempt to provide more conclusive evidence of 
the relation between blood chclesterol and CAD, the 
National Heart, Lung, and Blood Institute (NHLBI) 
recommended that nationwide studies be carried out in 
large cohorts to achieve a more significant and valid 
reduction in CAD risk as a result of diet and drug thera- 
py. It was decided that men would be studied, since the 
incidence of CAD is higher in men than in women and 
therefore the study could be conducted at much lower 
cost. 


FIGURE 2. In the Lipid Research 
Clinics Coronary Primary Preven- 
tion Trial, decreases in total plasma 
cholesterol (left panel) were initially 
induced with dietary changes, 
These changes were maintained in 
the placebo-treated group. In the 
cholestyramine-treated group, an 
additional reduction in cholesterol 
averaged 9% over 7 years. This 
was due primarily to a decrease in 
low-density lipoprotein (LDL) cho- 
lesterol (right panel). LDL was 
11% lower compared with the lev- 
els in the placebo-treated group 
over the entire study period. (Re- 
printed with permission from 
JAMA.) 


THE LIPID RESEARCH CLINICS CORONARY 
PRIMARY PREVENTION TRIAL 

The study design chosen for the Lipid Reseafch Clin- 
ics Coronary Primary Prevention Trial (LRC-CPPT), 
described earlier by Rifkind (p. 3A), was based on the 
recommendations put forth by the NHLBI* Middle- 
aged men (35 to 59 years old) with total cholesterol levels 
>265 mg/dl were given a modified diet and then moni- 
tored. Those who did not respond dramatically to this 
treatment (1.e., who maintained a level of low-density 
lipoprotein (LDL) >175 mg/dl) were then randomized 
in double-blind fashion to diet plus placebo or diet plus 
the bile acid-binding resin cholestyramine. Follow-up 
lasted 7 to 10 years. 

The men selected for this study had no clinical evi- 
dence of CAD, although a positive exercise electrocardio- 
gram was accepted as a risk factor. The primary end 
point was definite CAD as evidenced by sudden death or 
nonfatal MI, as judged by specific criteria. Other impor- 
tant measures were monitored as well, such as all-cause 
mortality, the appearance of angina (Rose question- 
naire), an exercise electrocardiogram positive for isch- 
emia and the need for coronary artery bypass grafting. 
The final cohort consisted of 3,806 men drawn from 
almost half a million candidates screened. Baseline char- 
acteristics for the 2 treatment groups were similar: mean 
total cholesterol 292 mg/d]; mean LDL 219 mg/d]; high- 
density lipoprotein (HDL), average for men age 47; ciga- 
rette smokers 37%; blood pressure 120/78 mm Hg. This 
population differed from the Helsinki Heart Study, 
which will be discussed next, in that the mean blood 
pressure was significantly lower in the LRC-CPPT. 

Treatment with cholestyramine led to an immediate 
and dramatic decrease in both total and LDL cholesterol 
levels (about 17 and 30%, respectively) following the ini- 
tial lesser decreases that had been achieved with diet 
alone (Fig. 2). The group given diet plus placebo main- 
tained average reductions of 8 or 9% in total cholesterol 
and 11% in LDL over the 7-year follow-up period com- 
pared with results in the placebo-treated group. The 
change in cholesterol values in the cholestyramine-treat- 
ed group was actually less than had been predicted owing 
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to less than total compliance to therapy: only about 60% 
of the doses of drug and placebo were actually taken. 
Still, the differ®nce between the 2 groups was statistically 
significant. 

A reduction in total cholesterol of oly 9% led to 
highly significant reductions in the primary end points, as 
well as in the secondary end points. In the drug-treated 
group, there was a 19% reduction in major cardiovascular 
end points (i.e., MI and death from CAD)eImportantlyv, 
other CAD end points were reduced to the same degree. 
For example, the need for bypass surgery was reduced 
20%, and the rate of angina was decreased 25%.ln addi- 
tion, there was a clear, proportional dose-resp8nse effect 
which indicated that the intervention was responsible for 
the change in the rate of CAD. Those with a 20% reduc- 
tion in cholesterol had a 40% reduction in risk for CAD. 


THE HELSINKI HEART STUDY 

This more recent primary prevention trial involved a 
similar population of men in Helsinki, Finland.’ Again, 
the study was double-blind and placebo-controlled. Over 
4,000 men were randomized to either gemfibrozil or pla- 
cebo and were followed for 5 years, with clinical and 
laboratory examinations every 3 months. Compliance 
was good, and no patient was lost to follow-up. Later in 
this supplement (p. 24A), Manninen will bring us up to 
date on subsequent analyses of this trial concerning the 
value of HDL measurements. Here, however, I will focus 
on the initial study, which tas designed to show a statisti- 
cally significant reduction i? Mleand sudden death, as did 
the LRC-CPPT. ° ° 

Although most of the baseline characteristics in these 
2 studies are comparable, mean systolic and diastolic 
blood pressures were both about 13 mm Hg higher in the 
Helsinki group. In addition, total cholesterol was slightly 


‘lower and HDL slightly higher in the Helsinki group. The 


entry criterion was a non-HDL cholesterol level (i.e. 


LDL plus very low density lipoprotein cholesterol) >200 


mg/dl; therefore, triglyceride levels were slighly higher in 
the Helsinki group. 

The effect of gemfibrozil on triglyceride levels proved 
to be dramatic. Despite some recidivism, reductions of 30 
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to 40% were maintained throughout the 5-year follow-up 
period. With regard to cholesterol, the results consisted of 
reductions of between 10 and 11% for both total and LDL 
cholestegol. The decrease in LDL was primarily responsi- 
ble for thi? difference. In contrast to the results achievec 
with cholestyramine in the LRC-CPPT, gemfibrozil pro- 
duced a significant increase in HDL cholesterol, averag- 
ing 11%. 

If we look at the cumulative incidence of primary 
cardiac end points, there was very little difference be- 
tween the treatment and placebo groups for the first = 
years of the trial. However, over the next 2 years, the 
difference became pronounced: The rate of cardiac evenis 
was 34% less in the group treated with gemfibrozil—i.e., 
there were 2.5 times as many events in the group taking 
placebo by the end of the fifth year (Fig. 3). It is impor- 
tant to appreciate that the benefits of therapy may no: 
become apparent immediately during the course of < 
clinical! trial. For this reason, long-term follow-up is ex- 
tremely valuable. 

Let’s take a closer look athe effect on HDL in the 
Helsinki Heart Study, ‘Tehe stbjects who had the lowes: 
HDL levels at the starteof the riai had the greates- 
increase in these levels in response to drug therapy: HDL 
levels <35 mg/dl increasedemore than 25% during the 
study, whereas the change was less dramatic when HDL 
levels were higher at the outset. Even when these values 


were adjusted for baseline levels, the increast was more ° 


significant in the low HDL range. 

When end points were analyzed with respect to vari- 
ous lipoprotein disorders, gemfibrozil-treated persons 
with type Ila hyperlipidemia (i.e., high LDL but normal 
triglyceride levels} had a decrease in end points of aboui 
24%. Among those with higher triglyceride levels the 
reduction was more impressive, over 40%. This may have 
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FIGURE 3. Cumulative incidence of 
myocardial infarction and death 
from coronary artery disease for 
placebo-treated and gemfibrozil- 
treated groups over the 5 years of 
the Helsinki Heart Study (Kaplan- 
Meier method). The actual inci- 
dence by year of these end points is 
shown below the figure. (Reprinted ' 

_ with permission from N Eng] J 
Med.*) 
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been due to a more dramatic rise in HDL in this group. 
The portion of the zohort who had the greatest benefit in 
terms of risk prevention were those with the lowest base- 
line HDL cholesterol values. The reduction in coronary 
events exceeded 6C% in this group. In contrast, reexami- 
nation of the data fram the LRC-CPPT by Gordon et al® 
indicates that paziznts with normal or high HDL levels 
gained the most benefit from treatment with cholestyra- 
mine. This presents a series of interesting questions that 
remain to be expicred concerning how various interven- 
tions change the rate of events. 


CHOLESTEROL-LOWERING 
ATHEROSCLEROSIS STUDY 

This study is important because it clearly showed that 
a person with CAD can still benefit from preventive ther- 
apy. In this trial, the investigators used a global score to 
assess the effect of a diet and lipid-lowering drug regimen 
on atherosclerotic lesions in men who had undergone 
coronary artery bypass grafting.’ Overall, among 160 
patients who completed the study, vascular lesions in 
native vessels and ia venous grafts, as defined angio- 
graphically, were reduced relative to those in the control 
group after only 2 years of combined treatment with 
maximal doses of colestipol and nicotinic acid. Old lesions 
grew less rapidly, and the number of new lesions de- 
creased. These changes followed marked lipoprotein 
changes: LDL decreased 43% and HDL increased 37%: 
Thus, massive cholesterol reductions successfully reduced 
the progression of atherosclerosis in these patients with 
severe CAD. 


CORONARY DRUG PROJECT 
It has been said that there is no evidence that the 
lowering of choles-erol level reduces total mortality. Al- 
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FIGURE 4. In the Coronary Drug Project (CDP), the niacin- 
treated group showed essentially no difference compared with 
the placebo group in total survival over the 5-year treatment 
period. Subsequently, the placebo-treated group showed a 
more rapid decrease in survival, with a highly significant dif- 
ference between the groups after 15 years. (ftoprimed ı with 
permission from J Am Coll Cardiol.” 


though the Coronary Drug Project was not designed to 
evaluate this possibility, after 15 years of follow-up we 
now see a significant decrease in the cardiovascular mor- 
tality rate in the group that received treatment with nico- 
tinic acid (Fig. 4). For the initial 5 years of the study, no 
difference in survival was observed between the treat- 
ment and placebo groups. However, at 12 and 15 years 
after entry into the study, the reducticn in deaths due to 
coronary disease was great enough to affect overall mor- 
tality with a high degree of statistical significance. The 
improvement in total mortality must be considered obser- 
vational data, since it was not addressed in the trial and 
did not occur during the prescribed treatment phase. 


STOCKHOLM ISCHEMIC HEART DISEASE 
SECONDARY PREVENTION TRIAL 

With use of a regimen similar to that in the Cholester- 
ol-Lowering Atherosclerosis Study, a recent study from 
Stockholm assessed the effects of diet plus colestipol and 
clofibrate on subsequent events in men who had experi- 
enced MI in the preceding 4 months.’ Over a 5-year 
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follow-up period, the drug-treated group showed a statis- 
tically significant decrease in total mortality, which was 
predominantly attributable to a reduction in cardiovascu- 
lar mortality, compared with a control group treated only 
with a change in diet. 


CONCLUSIONS - , 

There is a strong body of evidence that cholesterol can 
be decreased by means of diet, drug treatment, or both, 
and that the outcome is often encouraging. Results in 
several clinical trials have reached statistical significance, 
with important clinical implications. In jpdging their rele- 
vance to the practice of medicine, it is useful to remember 
that the patients in trials do not know their cholesterof 
levels and thus the response cannot be used in promoting 
compliance. The investigator cannot judge | lack of re- 
sponse and choose additional treatments in the compliant 
subjects. The benefits are judged in a relatively short time 
frame and the carry-over of Wenefit¢ into subsequent de- 
cades of life’#s fot measured. 
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Pharmacotherapy of Disorders of Plasma 
Lipoprotein Metabolism 


. S ‘Norman E. Miller, MD, DSc 


Pharmacologic intervention for altering plasma li- 
poproteins is aimed principally at reducing athero- 
genesis and thereby preventing coronary artery 


e gisease. These drugs should be prescribed only af- 


ter nonpharmacodlogic interventions (reduction of 
saturated fat and cholesterol consumption, weight 
reduction, aerobic exercise, cessation of cigarette 
smoking) have failed to achieve an adequate effect. 

The plasma concentration of the atherogenic 
low-density lipoprdtein (2DL) may. uced in 
hypercholesterolemic patients by incredsing hepatic 
LDL receptor synthesis (bile acid sequestering res- 
ins, 3-hydréxy-3-methyl-glutaryl coenzyme A re- 
ductase inhibitors) or by reducing hepatic very low 
density lipopgotein synthesis (gemfibrozil, nicotinic 
acid). LDL concentration may also be reduced by 
treatment With one of the fibrates (e.g., fenofi- 
brate). 
¢ Several classes of lipid-lowering drugs also in- 
creasethe plasrna high-density lipoprotein (HDL) 
cholesterol concentration. In the case of the fi- 
brates, this appears to be principally mediated 
through an increase in lipoprotein lipase activity. 
Gemfibrozil additionally stimulates apolipoprotein 
Al synthesis. The increase in HDL cholesterol pro- 
duced by nicotinic acid is due primarily to de- 
creased clearance of HDL particles from the circu- 
lation. The increase in HDL concentration produced 
by gemfibrozil was shoWn in the Helsinki Heart 
Study to make a major contribution to a reduced ia- 
cidence of coromary artery disease, independently 
of that made by the decrease in LDL... 

The Cholesterol-Lowering Atherosclerosis Stucy 
demonstrated that combined therapy with a resin 
(colestipol) and nicotinic acid can reduce the pro- 
gression of coronary atherosclerosis and the devel- 
opment of grafi lesions in batients who have under- 
gone coronary artery bypass graft surgery. 

(Am J Cardidi 1990;66:16A-—19A) 
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lipoprotein mezabolism, it is convenient to consider 


[i discussing the pharmacotherapy of disordered 
2 principal moces of action of these agents. One mode 


is their effects on those lipoproteins whose principal func- 


tion is to transport cholesterol, triglycerides, or both, from 
the splanchnic region (i.e., the liver and intestine) to 
peripheral tisstes. These lipoproteins contain apolipopro- 
tein (apo) B—apo B48 in the case of chylomicrons and 


.apo B100 in the cese of the very low density, intermedi- 


ate-density and Icw-density lipoproteins (VLDL, IDL 
and LDL, respectWely). Most reseerch into lipid-lower- 
ing drags has centered on apo B100-containing lipopro- 
teins. The other mode of actior. of these drugs is their 
effects on high-dersity lipoproteins (HDL), which play a 
central role in the movement of zholesterol from periph- 
eral tissues back to the liver—a precess usually referred 
to as reverse cholesterol transport. 


EFFECTS OF DRUGS ON APOLIPOPROTEIN 
B-CONTAINING LIPOPROTEINS 

What do we know about tne’ metabolism of these 
particles and Low they influence atherogenesis? The tri- 
glyceride-rich VLDLs are synthesized and secreted by 
the liver and are then converted to IDL in peripheral 
tissues through the action of endothelium-bound lipopro- 
tein lipase (Fig. 1) The IDL particles can then undergo 1 
of 2. fates: (1) They can be taken up and catabolized by 
the liver through a30 B100,E receptors, or (2) they can be 
converted to the zholesteryl ester-rich LDL, which is 


‘then also removed From the circulation, again primarily 


by hepatic apo B100,E receptors. A proportion of LDL is 
also catabolized through apo B10,E receptors in periph- 
eral tissues. 

There is increasing evidence that the LDL particle 
itself may not be directly atherogenic. Rather, it must be 
converted to.modizied forms that exhibit atherogenic ac- 
tivity.) Much attention has been directed toward this 


process, particularly the oxidation of the polyunsaturated 


fatty acids in LDL. This leads to secondary changes in the 
apo B100 of the particles, which render them recogniz- 
able by so-called scavenger receptors pres- 
ent in arterial macrophages. This is probably the major 
route by which LDL enters the macrophages in develop- 
ing atherosclerotic lesions. Othe: forms of modified LDL 
have also been described (e.g., glycated forms), which 
may also contribute in an important way to atherogene- 
sis. 

The principal goal of lipid-lowering treatment has 
been to prevent coronary artery disease (CAD) by reduc- 
ing the plasma corcentration of LDL. Basically, there are 
4 ways in which lipid-lowering agents exert their effects 
on the apo B100-containing lipoproteins: (1) stimulation 
of LDL clearance by increased synthesis of apo B100,E 


FIGURE 1. Metabolism of apolipoprotein 
B100—containing lipoproteins and sites of 
pharmacologic intervention. The numbers 1 
through 4 indicate the following: (1) inhibition 
of VLDL secretion (nicotinic acid, gemfibro- 
zil); (2) stimulation of apo B100,E receptor 
status in liver (resins, HMG-CoA reductase 
inhibitors); (3) inhibition of LDL. modification 
(probucol); (4) stimulation of lipoprotein lipase 
(gemfibrozil, fibrates). IDL = intermediate- 
density lipoprotein; LDL = low-density lipo- 
protein; VLDL = very low density lipoprotein. 
(Reprinted with permission from Adis Press 
Ltd, Auckland, New Zealand.) 


receptors in the liver (e.g., bile acid-binding resins [cho- 
lestyramine, colestipol], 3-hydroxy-3-methyl-glutaryl co- 
enzyme A [HMG-CoA] reductase inhibitors [lovasta- 
tin}])*?; (2) inhibition of VLDL secretion by the liver, 
which has a secondary effect on LDL production from 
VLDL (e.g., nicotinic acid, gemfibrozil)*5; (3) irfhibition 
of LDL modification (e.g., antioxidants [probucol])®; 
and (4) stimulation of lipoprotein lipase activity (e.g., 
gemfibrozil, fibrates).>:7 

Hepatic apo B100,E receptors are a major determi- 
nant of plasma LDL concentration,’ and the stimulation 
of receptor synthesis is an effective mode of action in 
patients with hypercholesterolemia. The primary action 
of the bile acid sequestrants is to inhibit the reabsorption 
of bile acids in the terminal ileum, thereby reducing their 
enterohepatic recirculation. This in turn increases the 
activity of cholesterol-7-alpha-hydroxylase, which is sup- 
pressed by bile acids. Because this enzyme is rate-limiting 
in the conversion of cholesterol to primary bile acids, 
cholesterol oxidation to bile acids is increased. Although 
this is associated with a compensatory increase in choles- 
terol synthesis within hepatocytes, it is not sufficient to 
prevent an increase in the synthesis of apo B100,E recep- 
tors, which is under feedback suppression by the unesteri- 
fied cholesterol content of the cells. This in turn increases 
the rate of uptake of LDL from the circulation and de- 
creases the plasma LDL concentration. 

The HMG-CoA reductase inhibitors also increase 
apo B100,E receptor activity in hepatocytes. By reducing 
the activity of the rate-limiting enzyme for cholesterol 
synthesis, they reduce the intracellular pool of unesteri- 
fied cholesterol and hence increase receptor synthesis. 
The combination of a bile acid—sequestering resin and an 
HMG-CoA reductase inhibitor can be particularly effec- 
tive in lowering LDL concentration by taking advantage 
of these agents’ different modes of action on cholesterol 
metabolism. 

Nicotinic acid and gemfibrozil reduce LDL levels 
through primary effects on the hepatic synthesis of 
VLDL. In the case of nicotinic acid, this is secondary to 
decreased delivery of free fatty acids to the liver from 
adipocytes, in which nicotinic acid inhibits the lipolysis of 
stored triglyceride. The mechanism of action of gemfi- 
brozil on VLDL is not yet clear, although metabolic 
studies in patients with hypertriglyceridemia have shown 
that it involves a reduction in the rate of VLDL triglycer- 
ide synthesis. 
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Probucol is also used to decrease LDL levels, although 
its mode of action is still not clear. Interest isnow focused 
more on probucol’s antioxidant action on LDL. The fact 
that probucol also decreases HDL cholesterol has raised 
concern, although the signifitance ®f this finding will not 
be known until its effects on HDL metabolism are under- 
stood. 

The mechanism by which a drug decred&es LDL con- 
centration is probably not important for the prevention of 
CAD. Reductions produced by both cholgstyramine and 
gemfibrozil have been shown to decrease the incidence of 
CAD in hyperlipidemic men.”!° Drugs tha®reduce LDL 
production by reducing VLDL synthesis also reduce the 
concentrations of VLDL and IDL and are therefore of 
value in the treatment of patients withthypertriglyceride- 
mia and dysbetalipoproteinemia. In addition, Ao con- 
centrations can be lowered by drugs that increase lipopro- 
tein lipase activity. In some hypertriglyceridemic sub- 
jects, the associated increase in the fractional rate of 
conversion of VLDL to LDL can produce #transient or 
sustained increase in LDL levels. 


EFFECTS OF DRUGS ON 
HIGH-DENSITY LIPOPROTEIN 

In contrast to the situation with LDL, the mechanism 
by which drugs alter HDL cholesterol concentration is 
likely to be important, since a change in concentration 
need not necessarily be accompanied by a parallel change 
in reverse cholesterol transport. There are 2 reasons for 
this: First, cholesterol enters HDL from more than 1 
source (i.e., peripheral tissues and triglyceride-rich lipo- 
proteins); second, the concéntration ef cholesteryl esters 
in HDL reflects not only the rate®fdelivery of cholesterol 
to the particles, but als8 the frattional rate of catabolism 
of the particles and the fractional rates of transfer of 
cholesteryl esters from the farticles to the liver and to 
other lipoproteinse!! 

Nascent HDL particles are synthesized in several dif- 
ferent tissues. The small intestine secretes particles con- 
taining apo AI, and the liver secretes particles predomi- 
nantly containing apo E (Fig. 2). In addition, several 
peripheral tissues also secrete apo E-containing particles 
(e.g., macrophages). Unlike the spherical mature HDL 
particles found in normal plasma, the nascent particles 
are discoidal because of the absence of cholesteryl esters. 
When these particles are acted upon by the cholesterol- 
esterifying enzyme lecithin:cholesterol acyltransferase 
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FIGURE 2. Metabolism of high-density lipo- 
protein (HDL) and mechanisms by which 
drugs increase plasma HDL cholesterol con- 
centration. The numbers 1 through 3 indicate 
the following: (1) stimulation of apo Al syn- 
thesis (gemfibrozil); (2) stimulation of lipolysis 
of triglyceride-rich lipoproteins (gemfibrozil, 
pr fibrates); (3) inhibition of catabolism (nicotinic 
- acid). CE = cholestere! ester; CETP = choles- 
teryi ester transfer protein; LCAT = lecithin- 
cholesterol acyltransferase; LDL = low-densi- 
ty lipoprotein; LPL. = lipoprotein lipase; 
TG = triglycerides; UC = unesterified choles- 
terol: VLDL = very low density lipoprotein. 
(Reprinted with permission from Adis Press 
Lid, Auckland, New Zealand.) 
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(LCAT), and acquirfadditfonal unesterigied, cholestero: 
from tissues and as a component of the surface remnants 
of triglyceride-rich lipoproteins, they are converted to the 
mature spherfcal forms. However, in humans, most cho- 
lesteryl ester molecules are not retained in HDL, but are 
transferred by way of a transfer protein to the cores of 
triglyceride-rich lipoproteins such as VLDL. 

Cholester$l esters formed in HDL by the LCAT reac- 
tion are delivered to hepatocytes via several routes: (1) as 
æ result of uptake of apo B~containing lipoproteins (chy- 
lomicroa remnant’, IDL and LDL); (2) by clearance of 
apo E~containing HDL particles from the circulatior 
through apo B100,E receptors and apo E receptors; anc 
(3) by direct transter from HDL to hepatocytes by way of 
a mechanism thar does not involve catabolism of the 
particles.!! ® 

Drugs that increase HDL cholesterol are known to dc 
so by 1 or more of the following 3 mechanisms: (1) stimu- 
lation of the synthesis of apo AI, the major HDL proteir 
(e.g., gemfibrozil, chclestyramine)>!2; (2) stimulation of 
lipolysis of triglyceride-rich lipoproteins (e.g., gemfibro- 
zil, clofibrate, bezafibrate)°-?)!*; and (3) inhibition of the 
catabolism of HDL particles (e.g., nicotinic acid).4 

There is strong 2vidence that gemfibrozil increases the 
synthesis of apo AI in hypertriglyceridemic subjects, pre- 
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FIGURE 3. Effects of some drugs and hormones on metabolic 
determinants of plasma high-density lipoprotein cholesterol 
concentration. Apo AISR = apolipoprotein Al synthesis rate; 
FCR = apo Al fractional catabolic rate; HL = hepatic lipase 
activity; LPL. = lipoprotein lipase activity. 
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sumably leading to an increase in the synthesis of nascent 
HDL particles. The site of this aczior. (1.e., liver or intes- 
tine) is not’ known. Cholestyramine also stimulates apo 
AI synthesis in humans, but to a lesser extent than does 
gernfibrozil. The increase in HDL cholesterol produced 
by gemfibrozil is also due in part to an increase in lipopro- 
teir. lipase activity. This appears ta be the principal mech- 
anism by which clofibrate and bezafibrate increase HDL 
chclesterol. In addition to increasing the rate of transfer 
of unesterified cholesterol from tr-glyceride-rich lipopro- 
teirs to HDL, an increase in lipoprotein lipase activity 
may also reduce the transfer of cholesteryl esters from 
HPL to VLDL by reducing the residence time of the 
latter in plasma. The increase in HDL cholesterol pro- 
duced by nicotinic acid is due to a reduced fractional rate 
of 2atabolism of apc A-containing HDL particles, al- 
though the mechanism of this effect has not been studied. 
Nicotinic acid has not been found to increase the rate of 
synthesis of apo AI or apo AI. The known effects of some 
agents on HDL metabolism are summarized in Figures 2 
anc 3, 

The effects on reverse cholestzrol transport and ath- 
ercgenesis of different drug-induced modifications of 
HDL metabolism are likely to attract considerable atten- 
tion over the next few years. Current information is not 
sufficient to permit any generalizations. However, it is of 
interest that the 2 drugs demonstrating increased apo AI 
syr thesis (i.e., cholestyramine anc gemfibrozil) have also 
been shown to reduce the incidence of CAD in prospec- 
tive clinical trials (the Lipid Research Clinics Coronary 
Primary Prevention Trial [LRC-CPPT] gnd the Helsinki 
Heart Study) through a mechanism related in part to the 
increase in HDL chclesterol.?!° In addition, an increase 
in apo AJ synthesis has been described in women taking 
est-ogens, the use of which was found in the LRC-CPPT 
to e associated with a low incidence of cardiovascular 
dis2ase in postmenopausal women.!3 Statistical analyses 
indicated that this protective effect was partly explained 
by the associated increase in HDL cholesterol.!> These 
observations, coupled with evidence from other sources 
(studies of familial hypoalphalizoproteinemia, experi- 
mental studies in animals) supperting the likely impor- 


tance of apo AI synthesis in conferring protection against 
atherosclerosis, suggest that drug-induced increases in 
HDL cholesterol resulting from stimulation of apo AI 
production are likely to have beneficial effects on reverse 
cholesterol transport and atherogenesis. 
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_ Interrelationship af Triglycerides with 
Lipoproteins and High-Density Lipoproteins 


Triglycerides are transported by the largest and 
most lipid-rich of the lipoprotein particles, namely, 
chylomicrons and very low density lipoproteins 
(VLDL). These particles are buoyant because of the 
high triglyceride content, which makeg up approxi- 
mately 90% by Weight of the chylomicron and 70% 
by weight of the VLDL. — 

The chylpmicron transports exogenous or di- 
etary fat and cholesterol, whereas VLDL transports 
endogenous triglyceride and cholesterol in lipopro- 
teins synthesized aifd secheted by the liver. Both. 
chylomicrons and VLDL are hydrolyzed ùt the cap- 
illary surface by the enzyme lipoprotein lipase. Li- 
poprotein lipase catalyzes the hydrolysis of triglyc- 
eride in the lipid core of these particles, producing 
smaller partigjes known as remnants. We currently 
believe the remnants are atherogenic and that this 
is one reason why hypertriglyceridemia may pre- 
dispose to coronary artery disease. . 

+ Chylomicron remnants are recognized and re- 
moved by hepatic receptors that contain apolipo- 
protein (apo) E. The rate of clearance of remnant 
particles depends on which subfraction of apo E is 
present. Particles containing apo Ell are removed 
more slowly than those with apo EHI and EIV. 

The dietary cholesterol from the chylomicron 


, remnant particles is thought to down-regulate the 


FP i 
oF 


hepatic low-density lipoprotein (LDL) receptors. 


VLDL remnants, also called intermediate-density li- 


poprotein (IDL), contain*apo E and may be removed 
by the liver through the LDL or B/E receptor. The 
decrease in activity of these receptors results in. ap- 
parent oversynthesis of LDL, the end-product of 
VLDL and IDL metabolism. 

LDL is the major cholesterol carrier, followed by 
high-density lipoprotein (HDL). LDL carries ap- 
proximately up to three-fourths of the cholesterol 
in the blood, and about twd-thirds of LDL is re- 
moved by specific LDB refeptors as it circulates. 
The ether portion is refnoved By low-affinity path- 
ways. HDL contains approximately 50% cholester- 
ol and phospholipid. HDL*is synthesized in the liver. 
the intestine and also originates from the surface of 
chylomicrons and VLDL. during lipolysis. HDL. ac- 
quires cholesterol from peripheral tissues and is es- 
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terified by the lecithin cholesterol acyttransferase 
or LCAT to cholesteryl ester. The cholesteryl ester 
may then be transferred from HDL to LDL, IDL or 
VLDL by the cholesteryl ester transfer protein. 
Thus, cholesterol can be transported to the liver in- 
directly by HDL. and HDL fractions containing apo 
E may directly transport HDL. to the liver. HDL ex- 
ists in a nascent form before being converted into 
spherical particles. There is some evidence that apo 
Al may play a particularly important role in iaj re- 
verse cholesterc! transport process. 

HDE may be subdivided in several ways: one 
based on its apoprotein conten? and one based on 
its density (e:g., HDL2 and HDL). In hypertri- 
glyceridemia, the formation of HDL from the hy- 


` drolysis of trigiyceride-rich particles may be dimin- 


ished. In additicn, when postprandial lipemia oc- 
curs, or when there is a prolonzed elevation of tri- 
glyceride-rich lipoproteins, an increased transfer of 
triglyceride from triglyceride-rich lipoprotein parti- 
cles into LDL and HDL may occur in exchange for 


cholesteryl ester. The metabolic changes associated _ 


with hypertriglyceridemia may decrease the con- 
centration of HDL and result in small, dense parti- 
cles of LDL and HDL. 

(Am J Cardiol 1990;66:20A-23A) 


the exogenous pathway, the endogenous pathway 
and the r2verse cholesterol pathway. We will focus 
on the first 2 of <hese routes, by which cholesterol and the 
triglyceride-rich lipoproteins (chylomicrons and very low 
density lipoproteins [VLDL] are metabolized.! 
Exogenous pathway: Dietary cholesterol is absorbed 
into the intestinal well and packaged into particles called 
chylomicrons. Apolipoprotein (apo B48, a truncated 
form of the apc B100 made in the liver, is incorporated 
into the chylomicrons. Two other apos—apo E and CII— 
are added to the chylomicrons either in the lymph or after 
these particles reach the circulation. Apo CII is required 
for activation of the enzyme lipoprotein lipase (LPL), 
which catalyzes triglyceride hydrolysis in the lipid core of 
the chylomicron and results in smaller particles known as 


| ipoproteins transport lipics in 3 separate ways: 


chylomicron remnants. Apo E is required for recognition _ 


of these remnan-s by the hepatic receptors. 

There are 2 ways in which triglycerides interact with 
high-density lipoprotein (HDL): First, the cholesteryl es- 
ter and triglycerides are exchanged between the chylomi- 
cron remnant and HDL (Fig. 1). LPL is attached to 


receptors on the surface of capillary endothelial cells; the - 


A 


FIGURE 1. The interaction between 
triglycerides and high-density lipo- 
protein (HDL) cholesterol in the 
presence of lipoprotein lipase. CE 

= cholesterol ester; PL = phospholi- 
pase; pp =postprandial; TG = tri- 
glycceride. 
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higher the concentration of LPL, the more rapidly these 
chylomicron particles are removed from the blood. Sec- 
ond, as the chylomicrons are broken down and the triglyc- 
erides are attacked by LPL, surface components from the 
chylomicron particles are transferred to and incorporated 
into HDL, increasing the mass of the HDL particle. 

The concentration of LPL correlates positively with 
the concentrations of HDL and its subfraction HDL). 
When LPL activity is increased, chylomicron particles 
will be cleared from the circulation more rapidly, so that 
endothelial cells will not be exposed to these particles. 
Several factors can influence the activity of LPL. Exer- 
cise increases LPL activity, whereas cigarette smoking 
has the opposite effect. The affinity of this enzyme for the 
chylomicron particle also appears to be increased by es- 
trogen. Finally, LPL activity is insulm-dependent. 

As triglycerides are being hydrolyzed from the core of 
the chylomicron and the surface components are being 
transferred to HDL, the now smaller chylomicron rem- 
nant remains to carry dietary cholesterol to the liver. Apo 
E on the remnant surface is then recognized by hepatic 
apo E receptors, so that the particles will be removed 
from the circulation and taken up by the liver cells. The 
rate of clearance depends on the subfraction of apo E 
present (i.e., particles containing apo EIV are removed 
more quickly than those containing apo EII). This uptake 
and removal process is significant in that it is believed to 
increase the cholesterol level within the liver, thus down- 
regulating the hepatic low-density lipoprotein (LDL) re- 
ceptors and increasing the amount of circulating LDL 
- cholesterol. 

Endogenous pathway: Lipoprotein transport begins 
with the synthesis of VLDL by the liver. VLDL, which 
contains apo B100, CII and E, is also converted by LPL 
to a smaller particle or remnant, called intermediate- 
density lipoprotein (IDL). As IDL is converted to LDL, 
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apo C and E are transferred to HDL. These remnants 

(about 40% of VLDL) can be removed directly by the 

hepatic LDL-receptors through apo E bindjng, whereas 

LDL is removed by LDL-receptors binding to apo B100. 

About two-thirds of the LDL is believed to be removed by, 
this mechanism; the other one-third is taken up by periph- 

eral tissues involving so-called low-affinity path#ays. Ob- 

servations in an animal model (Watanabe rabbits) of 
familial hypercholesterolemia suggest that oxidized LDL 

is more rapidly taken up by these low-affinity or macro- 

phage receptors in the arterial intima and thus contrib- 

utes to the development of atherosclerotic plaque.’ 

In the process of converting the triglyceride-rich lipo- 
proteins (the chylomicrons and VLDL) to chylomicron 
remnants and IDL or LDL, respectively, the apos become 
the key determinants of the structure and density of each 
particle. Apos are lost from the surface of lipoprotein 
particles and, along with cholesterol and phospholipid, 
are transferred to HDL. In the end, LDL contains only 1 
large apo, B100, which directs it to the B/E or LDL 
receptor. LDL levels can be increased owing to deficien- 


‘cies or abnormalities of the B/E receptor. 


There are at least 4 diffesent sources of HDL (Fig. 2): 
(1) the chylomicrons and VBDL, which may be consid- 
ered together; (2) the imtestine, which secretes the apos 
associated with phospholipid that constitute a nascent 
form of HDL; 8) the liver, which also secretes a nascent 
form of HDL; (4) the macrophages within the arterial 
wall, which can secrete an apo E and phospholipid parti- 
cle that may serve as another nascent form of HDL. 
Thus, if one inhibits LPL activity or interferes with the 
breakdown of triglyceride-rich lipoproteins, HDL mass 
will be decreased and there will be less HDL in the blood. 

Nascent HDL particles can take up cholesterol from.. 
the peripheral tissues, after which the enzyme KORA 








A SYMPOSIUM: HDL CHOLESTEROL IN CORONARY ARTERY DISEASE 
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FIGURE 3. Postprandial peaks of both triglyceride and plasma 
retinyl palmitate (a marker of chylomicron remnants) are high- 
er in the lipoprotein lipase—deficient group (bottom) compared 
with the control group (top). (Reprinted with permission from 
Med Clin North Am.) 


lesterol to cholesteryleeste®. The buildup of cholesteryl 
ester within the HDL®particlé in turn transforms <he 
nascent HDL into a mature spherical payticle. Schaefer 
and Levy° desczibed a group of patients with CAD whe 
had lipoprotein profiles typical of pessons with a relative 
deficiency of LPL: slightly increased LDL, increased tri- 
glycerides and VLDL and low HDL. ° 


POSTPRANDIAL LIPEMIA: 
RESULTS OF A STUDY 

To help clarify the role of LPL in triglyceride disposi- 
tion, a small ser-es of patients was studied in a joint effort 
by Joseph Patsch at the University of Innsbruck and 
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FIGURE 2. Origin of high-density li- 
poprotein (HDL) cholesterol. There 
are at least 4 different sources: (1) 
the chylomicrons (Chylos) and very 
low density lipoprotein (VLDL), (2) 
the intestine, (3) the liver, and (4) 
arterial wall macrophages. CE 

= cholesterol ester; LCAT = lecithin 
cholesterol acyltransferase. 


TABLE I Persrective from Framingham 


Patients with high TG levels may be at high risk for CHD 
Patients with very low 7G HDL cholesterol ratios are an exception 


~10% of these pztients have a low (<3.5) ratio 
90% of patients with k gh TG levels are at Figh risk, ~50% will have a 
total cholesterc! level <250 mg/di 


CHD = coronary heart disease; HDL = high-cansity lipoprotein: TG = triglyceride. 
Adapted from Castaili® 





Wolfgang Patsch at Baylor College of Medicine. They 
compared the levels of triglycerides and chylomicron 
remnants after a typical meal tn Lealthy subjects. Post- 
crandial peaks of both plasma triglyceride and plasma 
retinyl palmitate (a marker of chylomicron remnants) 
were higher in the subjects who also had lower levels of 
LPL (Fig. 3). These investigators had shown that patients 
with lower LPL levels also had lower blood levels of 
HDL. 

The 2 investigators also carried out a case-control 
study involving healthy subjects and patients with CAD. 
To enter the study, patients had to have angiographically 
cocumented CAD (2- or 3-vessel disease with >75% nar- 
rowing), with LDL level <175 mg/dl and triglyceride 
Evels <250 mg/dl. All subjects were given a standard- 
wed fat meal containing 130 g of fat per square meter of 
body surface area. Using retiny. palmitate measurements 
taken 2 weeks apart, the investigators found a strong 
correlation in the magnitude of postprandial lipemia 
emong the pazients with CAD. These findings suggest 
that CAD may be induced by anomalies in the metabo- 
Esm of triglyceride-rich lipoproteins. 


RELATION BETWEEN TRIGLYCERIDES 
AND CORONARY ARTERY DISEASE 

Are triglycerides an independent risk factor for 
(CAD? The available evidence suggests that this is the 
case In women. High trigiycerice levels may predispose to 
atherosclerosis in several ways: (1) they may result in low 


levels of HDL; (2) they may result in small, dense LDL 
particles that are more atherogenic; and (3) the remnants 
themselves may directly damage the arterial vessel wall. 
However, the question remains, are these factors causally 
related or are they markers of the presence of other condi- 
tions such as diabetes mellitus, low HDL or obesity?. In 
multivariate analyses, the association between triglycer- 
ides and CAD tends to weaken or disappear. ` 

The results of The Framingham Study suggest that 
persons with high levels of triglycerides are at greater risk 
for CAD (Table I). The data-also indicate that triglycer- 
ides are an independent risk factor in women. ~. ' 

Based on our research, we believe that hypertriglycer- 
idemia and CAD are related and that the risk definitely 
increases (1) when cholesterol. levels aré high, (2) in the 
presence of familial combined hyperlipidemia or dysbeta- 
lipoproteinemia,. (3) when HDL level is low, and (4) in 
the presence of a condition known as hyper-apo B. Hyper 
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wiglvesadenlia: is also a risk factor for CAD in those with 
a strong family history « of premature coronary disease or 
in the presence of other risk factors such as smoking, 
hypertension, obesity or diabetes. 
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Predictive Value for Coronary Heart Disease of 
Baseline High-Density and Low-Density 
Lipoprctein Cholesterol Among Fredrickson Type 

fla Subjects in the Helsinki Heart Study 
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E EEE AAEN O E S A e EA VA iN S i 
In the Helsinki Heart Study 2,590 subjects (63 3% 


of total) had a trpe Ila hyperlipoproteinemia at 
screening. "Baseline low-density lipoprotein (LDL) 
cholesterol (mean 193 mg/dl; 5 mmol/liter) and 
high-density lipopretein (IDL) cholesterol (mean 
50.2 mg/dl; 1.3 mmol/liter) showed Ro statistical 
correlation (r = D.046). Both the placebo (1, 293 
patients) amd gemfibrozil groups (1,297 patients) 
were divided into tertiles by baseline HDL and LDL 
cholesterol to determine the relative predictive risk 
of developing ceronary artery disease. 

In a population with elevated LOL cholesterol, if 
is significant that the lipoprotein fraction with the 
greatest predictive value was HDL cholesterol. The 
severity of LDL cholesterol elevation did not pro- | 
vide any differential predictive value for coronary 
artery disease. 

7 (Am J Cardiol 1990;66:24A-27A) 
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highlighted the use of totz] serum cholesterol lev- 

-els for initial classification and plasma low-density 
lipoprotein (LDL) cholesterol for subsequent manage- 
ment of patients at risk of coronary artery disease 
(CAD).! After a minimum of 6 months of diet therapy, a 
persisténtly elevated LDL cholesterol 2190 mg/dl (4.9 
mmol/liter) is said to indicate a need for pharmacologic 
treatment. The repert is remarkable in its assertion that 
additional risk factors influence the management of the 
patient only in the borderline to high-risk LDL cholester- 
ol group (160 to 189 mg/dl or 4.1 to 4.9 mmol/liter), 
thereby implying that plasma LDL cholesterol is the only 
significant lipid marker for predicting subsequent CAD. 
However, many studies have shown high-density lipopro- 
tein (HDL) cholesterol to be an independent predictor of 
subsequent CAD.?-* The 5-year Helsinki Heart Study 
demonstrated a 34% reduction (p = 0.02) in incidence of 
cardiac end points, which was correlated with the in- 
crease in HDL. cholesterol and to a lesser extent the 
decrease in LDL cholesterol.>° The objectives of the pres- 
ent analysis of the Helsinki Heart Study data are to 
determine in those subjects with Fredrickson type Ha 
hyperlipidemia whether baseline HDL or LDL cholester- 
ol was a better predictor of subsequent cardiac end points, 
and what influence gemfibrozil had on the incidence of 
end points at different levels of the respective. lipids. 


T» National Cholesterol Education Program has 


METHODS 

Patients: Entry into the Helsinki Heart Study re- 
quired subjects with no evidence cf CAD to fulfill a single 
lipid criterion on 2 consecutive screening visits: a fasting 
non-HDL cholesterol level >200 mg,dl (5.2 mmol/liter). 
From the screened population, 4.081 subjects were ran- 
domized into the study, of which 63% (2,590 subjects) 
had a lipid disorder classified as Fredrickson type IIa, 
defined as an LDL cholesterol level >175 mg/dl (>4.5 
mmol/liter), and a zotal triglyceride level <177 mg/dl 
(<2 mmol/liter) at the second screening visit. Baseline 
lipid values (HDL cholesterol and total cholesterol) were 
determined at the intervention visit when subjects were 
randomized to receive either placebc or gemfibrozil, and 
LDL cholesterol was estimated by the Friedewald equa- 
tion using the fasting total triglycerides from the second 
screening visit. In the interval between the second screen- 
ing visit, when each subject was classified as Fredrickson 
type Ia, Hb or IV, and the intervention visit, when base- 


TABLE I Baseline Lipid Values and Cardiac End Points by 
Baseline HDL Cholesterol Tertiles 


HDL-C Tertile (mg/dl) 


<44.9 449-537 2.53.7 


Placebo (n) 413 
HDL-C (mg/dl) 39.4 
LDL (mg/dl) 194 
Trigiycerides (mg/dl) 131 
Cardiac end points 

n (%) 


22 (5.33) 5 (1.08) 


Gemfibrozii (n) 423 415 


HDL-C (mg/dl) 38.9 : 61.8 
LDL-C (mg/d) 194 192 
Triglycerides (mg/dl) 131 110 
Cardiac end points 

n (%) 13 (3.07) 13 (2.86) 7 (1.67) 


HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cro- 
lesterol. 





line lipid values were established, total cholesterol values 
decreased 6.7%. For this reason, some subjects had LDL 
cholesterol values <175 mg/d! (<4.5 mmol/liter). Fast- 
ing lipids were estimated at 6-month intervals during the 
trial. The criteria and procedures for determining cardiac 
end points (myocardial infarction and cardiac deaths) are 
described elsewhere.’ No statistical hypothesis testing 
was performed in this post-hoc analysis. For descriptive 
purposes, baseline LDL and HDL cholesterol levels were 
divided into tertiles, each range representing a third of the 
subjects in the population with type Ha hyperlipidemia. 


RESULTS 

The overall mean (+ standard deviation) lipid values 
for the type IIa subjects entering the Helsinki Heart 
Study were as follows: HDL cholesterol 50.2 + 10.7 mg/ 
dl (1.30 + 0.28 mmol/liter) and LDL cholesterol 193.3 + 
31.4 mg/dl (5 + 0.81 mmol/liter). There was no correla- 
tion between baseline LDL level and baseline HDL level 
(r = 0.046). 

Baseline high-density lipoprotein cholesterol ter- 
tiles: In Table I, the 2 groups are divided into tertiles 
based on baseline HDL cholesterol level. LDL cholesterol 
values are similar in each group. The mean HDL choles- 
terol in the low HDL group is 39 mg/dl (1.60 mmol/ 
liter), in the middle group 49 mg/dl (1.27 mmol/liter), 
and in the high group 62 mg/dl (1.60 mmol/liter). The 
mean total triglyceride values show an inverse correlation 
with HDL cholesterol. The incidence of cardiac end 
points in the placebo group for the low, middle and high 
tertiles of HDL cholesterol are 5.33, 4.06 and 1.08%, 
respectively. The corresponding values for the gemfibro- 
zil group are 3.07, 2.86 and 1.67%. 

Five known cardiac risk factors (age, smoking, body 
mass index, alcohol intake and blood pressure) are de- 
tailed for each tertile in Table IT. HDL cholesterol is 
clearly associated with alcohol intake and demonstrates 
an inverse relationship to tobacco consumption. In addi- 
tion, there is a trend toward an increased body mass index 
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TABLE li Type lla Subjects: Cardiovascular Risk Factors by 
Baseline HDL Cholesterol Tertiles 


HDL-C Tertile (mg/dl) 


<44.9 44.9-53.7 253.75 


Age (yr) 
Gemfibrozil 
Placebo 

Smokers (%) 
Gemfibrozil 
Placebo 

BM! 

Gemfibrozil 
Placebo ° 
Alcohol intake (cl/yr) 

Gemfibrozil 
Placebo 

Systolic BP (mm Hg) 
Gemfibrozil 
Placebo 

Diastolic BP (mm 2 
Gemfibrozil ° 
Placebo 


BMI = body mass index; BP = blood pressure; cl = centiliters of Msolute alcohol per 
year; HDL-C = high-density lipoprotein cholesterol. 


WM Gemfibrozii 


Placebo 
e 


Percent change 
O n 


<44.9 449-53.7 >53.7 <44.9 44.9 -53.7 >53.7 
Baseline HDL Tertifes 


FIGURE 1. Change in plasma lipids by baseline high-density 
lipoprotein (HDL) cholesterol! tertiles. LDL-C = low-density li- 
poprotein cholesterol. 


in the low HDL cholesterol tertłle, Figure 1 shows the 
percentage change fronf baselin in HDL and LDL cho- 
lesterol after @ months of treatment. There was a small 
but consistent increase in LDL cholesterol of 1 to 2.9% in 
the placebo group*and a consistent decrease of 11.8 to 
12.5% in the gemfibrozil group. The percentage change in 
LDL cholesterol was not influenced by the baseline HDL 
cholesterol vaiue. The percentage change in HDL choles- 
terol was clearly dependent on the baseline HDL choles- 
terol in values for both the gemfibrozil and placebo 
groups. The changes in HDL cholesterol in the placebo 
group indicate a regression toward the mean, unlike the 
gemfibrozil group in which HDL cholesterol increased at 
all baseline levels. 
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TABLE Ill Baseline Lipid Values and Cardiac End Points by 
Baseline LDL ‘Tholesterol Tertiles 


LDL-C Tertile (mg/dl) 


<178.4 178.4-204.3 2204.3 


Placebo (n) ; 428 434 ° 435 
HDL-C (mg/dl) 514) 50.7 50.1 
LDL-C (mg/cl) 161 190 227 
Triglycerides (mg/c!) 126 117 119 
Cardiac end points 


n (%) 


Gemfibrozil (n) 


® HDL-C (mg/d) 4 


LDL-C (mg/ch 


143.27) 


13 (3.00) 


17 (3.91) 


414 
49.3 
229 


Triglycerides (mg/cl} 120 120 
Cardiac end points 
n(%) 912.05)° 14(3.18) — 10(2.42) 


i Anis = high-density lipoprotein cholestercl; LDL-C = low-density lipoprotein cho- 
esterol, 


TABLE IV Type lla Subjects: Cardiovascular Risk Factors by 
Baseline LDL Cholesterol Tartiles 


LDL-C Tertile (mg/d.) 


<178.4 178.4~-204.3 2204.3 


Smokers (%) 
Gemfibrozil ; 32.6 33.8 
Placebo 31.3 35.2 
BP (mm He) 


135/88 
135/88 


136/89 
135/88 


Gemfibrozil 
Placebo 
Alcohol intake (cl /yri 
Gemfibrozil 318 319 
Placebo é 328 339 
Age (yr) 
Gemfibrozil 47.2 47.5 
Placebo 47.3 47.9 
BMI 
Gemfibrozii 26.2 25.9 
Placebo 25.9 26.2 


BMI = body mats index, BP = bicod pressure; cl = centiliters of absolute alcohol pe” 
year; LDL-C = lowdensit+ lipoprotein cholestarol. 


Percent Change 


| 
H 
© 


MME Germfibrozil 
iets Placebo 


<178 178-204 >24 <178 178-204 >204 
Baseline LDL Tertles 





Baseline low-density lipoprotein cholesterol tertiles: 
The population wes divided by baseline LDL cholesterol 
level into tertiles (Table II). HDL cholesterol levels were 
similar in each group (mean value 50 mg/d] [1.29 mmol/ 
liter]). Values for LDL cholestercl in the low group were 
161 mg/dl (4.2 mmol/liter), in the middle group 190 
mg/dl (4.9 mmol/liter), and in the high group 227 mg/dl 
(5.9 mmol/liter). Total triglycerides were approximately 
120 mg/dl (1.4 mmol/liter) in al. groups. The incidence 
of cardiac end points in the placebo group for the low, 
middle and high tertiles of LDL cholesterol were 3.27, 3 
and 3.91%, respectively. The corresponding values for the 
gemfibrozil group were 2.05, 3.18 and 2.42%. Unlike 
HDL cholesterol, none of the 5 risk factors (Table IV) 
showed a correlation with increasing levels of LDL cho- 
lesterol. 

The percentage changes in HEL end LDL cholesterol 
after 6 months ar2 listed in Figure 2. There was no change 
in HDL cholesteral in the placebo group in contrast to the 
gemfibrozil group, which showed an 11.6 to 13.6% in- 
crease that was not dependent on the baseline LDL value. 
The change in LDL was markedly dependent on the 
baseline values. In the placebo group there was a marked 
regression to the mean value with LDL cholesterol in- 
creasing 10.6% in the low tertile and decreasing 4.2% in 
the high tertile. LDL cholesterol decreased in all 3 tertiles 
in the gemfibrozil-treated group, ranging from 4.5% in 
the low tertile to 17.9% in the high tertile. The percentage 
difference in the cnange of LDL cholesterol between the 
placebo and gemfibrozil groups was a constant 14% 
across the range of baseline LDL values in favor of gemfi- 
brozil. 


DISCUSSION 

The use of a single criterion modified by a series of 
risk factors has found traditional value in the practice of 
preventive medicine; diastolic blood pressure and plasma 
glucose concentration are 2 examples. Where 2 indepen- 
dent criteria exist, ore exerting a negative and the other a 
positive predictive value in disease cutcome, it becomes 
more difficult to arrive at simplistic treatment guidelines. 
Follow-up data on the relative risk of CAD from the 
Framingham Heart Study clearly showed the protective 
effect of a high HDL cholesterol level despite abnormally 
elevated levels of total cholestercl, which in themselves, 
would have justified pharmacologic intervention.’ In the 
Lipid Research Clinics Coronary Primary Prevention 
Trial, there was a twofold difference in the incidence of 
subsequent CAD: between the highest and lowest tertiles 
of baseline HDL chclesterol despite LDL cholesterol val- 
ues of >175 mg/liter (>4.5 mmo_/liter) at entry into the 
study.’ It was also noted that cholestyramine exerted the 
least benefit in reducing the incidence of CAD in subjects 
with low HDL cholesterol levels at baseline; these sub- 
jects proved to be at the greatest risk of CAD among the 
study participants. The data from the Helsinki Heart 
Study confirm these earlier findings. with a fivefold dif- 
ference in the incidence of CAD between the highest and 


lowest tertiles of baseline HDL cholesterol despite similar 
baseline LDL levels. More importantly, the benefit of 
gemfibrozil therapy in increasing HDL and reducing 


FIGURE 2. Change in plasma lipids by baseline low-density li- 
poprotein (LDL) cholesterol tertiles. HDL-C = high-density li- 
poprotein cholesterol. 
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LDL cholesterol was most marked in the tertile with the 
highest risk of CAD (i.e., the tertile with the lowest HDL 
cholesterol values). There was a 42% reduction in the 
incidence of CAD in the gemfibrozil group compared 
with the placebo group in the lowest HDL cholesterol 
tertile. 

The level of HDL cholesterol is affected by tobacco 
and alcohol consumption, and to a lesser extent, by body 
mass index. The relation between baseline lipid values, 
treatment group and the incidence of cardiac end points 
was investigated for the entire study population using the 
Cox proportional hazards model. Smoking status and 
quartile of alcohol consumption were included among 
other risk factors for CAD as fixed covariates in the 
model. Baseline HDL (p <0.0001), LDL (p <0.001) and 
treatment group (p <0.03) had significant correlations. 
In contrast, baseline triglycerides showed no correlation 
(p <0.77). Despite the correlation between tobacco and 
alcohol consumption and HDL cholesterol, HDL choles- 
terol clearly remains an independent zisk factor.” 

Whereas it is important to identify persons at high risk 
of subsequent CAD, it is equally important to avoid un- 
necessarily aggressive therapy indicated solely by an ele- 
vated LDL cholesterol value. It is clear that increasing 
low HDL cholesterol by cessation of smoking, reduced 
body weight, increased exercise and pharmacologic ther- 
apy, when appropriate, are equally important as the re- 
duction of elevated LDL cholesterol. 

The role of HDL cholesterol in the management of 
hypercholesterolemia was reviewed by the National Cho- 
lesterol Education Program Committee, who reaffirmed 
as appropriate the current perspective.'!° Treatment 
guidelines need to reflect the importance of HDL choles- 
terol, not only in the borderline high range of LDL choles- 
terol, but also equally at high levels. 
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CONCLUSION 

Within the type Ia population studied in the Helsinki 
Heart Study, baseline HDL cholesterol was a better pre- 
dictor of subsequent cardiac end points than baseline 
LDL cholesterol. Subjects with low baseline HDL choles- 
terol values were at high risk of cardiac end points, where- 
as those with high HDL values were at low risk of cardiac 
end points despite similarly elevdted LDL values. Gemfi- 
brozil reduced the incidence of cardiac end points by 42% 
compared with placebo in the grouf with HDL values 
<45 mg/dl (<1.16 mmol/liter). 
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Discussion 


Question: How many patients would need to be treai- 
ed for how long in order to save one life? 

Dr. W. Virgil Brown’ (Washington, DC): The answer 
to that question depends on many unspecified factors, 
such as how well the*patients are treated and how high the 
risk in the population in question. At the end of the 7-year 
Lipid Research Clinics Coronary Primary Prevention 


° drial (LRC-CPPT), almost one third ofsthe participants 


had CAD according to establishe@ criteria, and 187 very 
serious events occurred, including both myocardial in- 
farction and sudden death. Among the patients given 
placebo, 126 underwent coronary artery bypass grafting. 
Some patients experienced angina. So, I think it is imper- 
tant to consider the “isk for*coronary disgase and not just 
the death rate. 

Question: In some cases, lowering total cholesterol 
and LDL afo causes a reduction in HDL, so that ihe 
total cholesterol: HDL ratio may increase. What is the 
significance oš this and why didn’t the NCEP advocate 
the use of ratios in setting up their guidelines? 

Dr. Rifkfhd: That exemplifies a paradox with respect 
to managing HDL. It is fairly clear that a low-fat diet will 
‘effectively lower LDL. Among vegetarians and in certain 
populatigns, sucll as the Japanese, LDL decreases to a 
greater extent than does HDL. Since these groups are at 
low risk for CAD, contusion arises in that a low HDL 
does not necessarily have the same significance as it dces 
in other contexts. Nevertheless, for now, we think that the 
focus shou be on reducing LDL, and that a consequent 
decrease in HDL is tolerable. 

As for the szcond part of that question, since bcth 
HDL and LDL ere predictors of CAD risk, knowing bcth 
values allows one to predict risk with greater certainty. 
Although I have nc fundamental objection to the use of 
ratios, they are associated with problems at their ex- 
tremes. The NCEP prefers to use the individual values of 
the lipoproteins. 

Question: How can one justify extrapolation of the 
results from the Helsinki Heart Study, which involved 
middle-aged men with high cholesterol values, to younger 
persons, those with lower {otal cholesterol values, and 
women of any ¢ge?- 

Dr. Brown: Certainly whenever guidelines are issu2d, 
they should not take the place of good clinical judgment. 
Each patient should be evaluated based.on a variety of 
parameters, age being only one of thém, physical condi- 
tion being another. Still, I think the NCEP Guidelines 
can be applied =o everyone. We know that the risk rela- 
tionships hold far women; although they are not as strong 
for total cholesterol as a woman gets older, they do hold 
for HDL and LDL into the seventh and eighth decaces. 
In the LRC-CFPT, results of treatment were not associ- 
ated with age: the reductions in CAD among men in their 
late 50s were srmilar to those among men in their early 
40s, indicating that benefits can accrue even after athero- 
sclerotic changes have probably already taken place. 
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With respec: to cholesterol values, the Cholesterol- 
Lewering Athezosclerosis Study (CLAS), undertaken 
among middle-aged men who had undergone coronary 
artery bypass grafting, showed that the average values 
were the same a3 those in men in Framingham who expe- 
rienced a coronary event (i.e., 244 mg/dl). Extrapola- 
tions to other pcpulations are based not only on the male 
cL nical trials but also on animal models, in which high 
cLolesterol levels led to CAD in both female and male 
species. Finally, heart disease is zhe number one cause of 
death in womer. as well as men. Would it be rational to 
pestpone treatment in women just because there have 
been no long-term clinical trials in this population? Ac- 
cording to the NCEP’s Adult Treatment Panel, the an- 
swer iS no. 

Question: What are the effects of low total cholesterol 
level on total mortality, that is, death from all causes and 
nət just from CAD? For example, is there a relationship 

atween low cholesterol and cancer or, as discussed in the 
Felsinki Heart Study, intracranial hemorrhage? 

Dr. Brown: There is no question that cross-sectional 
Studies in many different populations have shown that 
p2rsons with ex-remely low total cholesterol levels do less 
well than those with slightly higher total cholesterol lev- 
es. We have to consider the effects of other conditions or 
d.sease states on the metabolic system involving lipid 
transport. If a population is monitored for only 2 years 
aad then mortality is assessed, it is difficult to know what 
o:her factors may have been at work. For example, a 
patient may have had occult cancer at the time of entry, 
which both lowered cholesterol and caused death by other 
means. Cigaretie smokers, as a group, tend to have lower 
body weight and lower levels of chalesterol. With respect 
to hemorrhagic stroke, there were no data in the LRC- 
CPPT correlating low total cholesterol or HDL levels 
with this event, although there are data from community- 
tased studies that indicate low cholesterol in hypertensive 
populations is asscciated with intracranial hemorrhage. 
This is not explained by present data. 

Question: Is there a linear relationship between alco- 
kol consumptian and HDL leveis, or does HDL increase 
vith only small amounts of alcohol, as was originally 
reported? Whet adout differential effects of alcohol on 
HDL subfractions? 

Dr. Rifkind: Undoubtedly th2re is a direct relationship 
-etween the amount of alcohol consumed and the level of 
HDL. This firding has been consistent among several 
major trials. As to which HDL subfractions are affected, 
taere has been some controversy. It was first suggested 
taat HDL3, the subfraction not correlated with CAD, 
was particularly affected by alcohol intake; however, 
more recent reports say that HDL; is affected. Although 
this issue has not yet been resolved, I can say with assur- 
ence that none of us would advecate the use of alcohol as 
z means of increasing HDL. Obviously, in addition to 
teing an addictive drug, alcohcl has many toxic effects, 


and therefore, more hygienic therapeutic measures would 
be preferable. 

Question: Suppose a patient had the following lipid 
profile: Total cholesterol 279 mg/dl, LDL 173 mg/dl and 
HDL 78 mg/dl. After some intervention, either diet mod- 
ification or probucol therapy, these values decreased to 
230, 150 and 58 mg/dl, respectively. Would you consider 
that this patient had benefited from treatment? 

Dr. Brown: It’s difficult to say, since no study has 
addressed that issue. We don’t as yet know the long-term 
effects of treatment with probucol. Although it might 
help in theory, there are certainly cases in which this drug 
has had adverse effects on the lipid profile. For such a 
patient, I would look carefully at changes in lifestyle, 
since we cannot assume that the patient is not at risk just 
because the HDL level is high. Family history should also 
be considered. Certainly dietary therapy and hygienic 
measures such as weight loss and exercise should be initi- 
ated. In my opinion, at this time, drug therapy woyld not 
be indicated. 

Question: If a patient has an average or slightly high 
LDL level but a very low HDL level, should we intervene 
if there is no evidence of heart disease or if the patient has 
already had a myocardial infarction? 

Dr. Rifkind: I would say we should intervene in both 
cases. Although I have argued against treating a patient 
with isolated low HDL, this finding does increase the risk 
for CAD. Just as the NCEP’s Adult Treatment Panel 
advocates more aggressive steps to reduce LDL when a 
patient is also hypertensive or a smoker, I think the pres- 
ence of a low level of HDL should signal us to treat the 
LDL more aggressively. In the case of the postinfarction 
patient, you are dealing with a person who already has 
severe atherosclerosis and CAD, even with this average 
level of LDL. Aggressive treatment would therefore be in 
order, especially since the HDL level is low. 

Question: In light of the CLAS, in which HDL was 
substantially increased, and the LRC-CPPT, in which 
lowering LDL in patients with HDL values <35 mg/dl 
provided no benefit, do you think HDL must be moder- 
ately high to achieve atherosclerotic regression? 

Dr. Brown: I don’t think that question can be an- 
swered fully at this time. However, I think the HDL level 
is extremely important. Although it was not stipulated in 
the NCEP Guidelines, HDL should certainly be mea- 
sured in patients with CAD, since it is useful in determin- 
ing treatment. I agree with Dr. Rifkind that LDL should 
be reduced aggressively, particularly in patients with low 
HDL levels. 

Question: Why is probucol not recommended for pa- 
tients with familial lipoprotein abnormalities? 

Dr. Ernst Schaefer* (Boston, Massachusetts): As an 
antioxidant, probucol may prevent the modification of 
LDL and in that way decrease the amount of LDL taken 
up by macrophages. Unfortunately, we do not have pro- 
spective data on this drug. In Sweden, a study is under 


*Ernst J. Schaefer, MD, is Chief of the Lipid Metabolism Labora- 
tory at the Human Nutrition Research Center, Tufts University, Bos- 
ton, Massachusetts. Dr. Schaefer was a faculty member at this sympo- 
sium; however, data from his presentation are not included in this 
supplement. 
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way that is addressing the effects of probucol on peripher- 
al vascular disease; results should be available in about 2 
years. The problem with probucol is that it lowers HDL 
more than it lowers LDL. Until we have more informa- 
tion to indicate probucol’s benefits, there is little to rec- 
ommend its use in the outpatient setting. 

Question: Does the means by which HDL increases 
affect the patient’s relative risk for CAD? 

Dr. Peter W.F. Wilson (Framingham, Massachu- 
setts): I don’t think we have the answer to that question at 
this time. Most of the studies assessing the benefits of 
intervention have used exercise to increase HDL levels. 


Moreover, they have not used heart disease as an end ° 


point. Interestingly, dlmost all factors that tend to in- 
crease HDL also tend to depress triglyceride levels, with 
two notable exceptions: alcohol and estrogen. For this 
reason, changes in lifestyle designed to increase HDL 
may influence other risk factors in a negative way, so we 
have to look atgthe bigger pfcture® 

Question: Would you comment on the accuracy of 
HDL measurements and laboratory standardization? 

Dr. Wilson: Programs for standardizing lipid mea- 
surements come from the Centers for Disease Control. 
Several hundred laboratories are participating in these 
programs in the United States; their primary concern is 
total cholesterol, for which the target for atcuracy and 
precision has a 3% range of error. This means that if the 
first value measured was 200 mg/dl, the next 100 mea-- 
surements should all fall within the rane of 194 and 206 
mg/dl. In actuality, the error rate is less than 1%. At a 
community hospital laboratory, you would typically get 
an error of 7 to 10% for total cholesterol. It is the goal of 
the NCEP to improve the level of accuracy throughout 
the United States over the next several yeafs. 

In terms of HDL, the answer is more difficult. Even 
under the best conditions, the laboratory error will be 
greater than it is for total cholesterol. To offset this, I 
recommend two or three measurements taken over a few 
weeks. 

Question: What about a male patient who has a myo- 
cardial infarction at age 40? His total cholesterol level is 
about 200 mg/dl and his HDL level is 25 to 30 mg/dl. 

Dr. David Canter (Ann Arbor, Michigan): Do as much 
as possible to increase the HDL level, including pharma- 
cologic measures. 

Question: What is the Value of monitoring creatine 
phosphokinase (CPK) in the patfent being treated with 
gemfibrozil plus lovastatin if there are no symptoms of 
myositis? If the patient does experience myositis, would 
you rechallenge the patient using this combination of 
drugs at a lower dbsage or try either drug alone? 

Dr. Schaefer: Although the incidence of myositis with 
either gemfibrozil or lovastatin alone is only about 1%, it 
increases to 7% when these drugs are given together. It’s 
important to obtain a baseline CPK measurement, since 
patients may remain asymptomatic when they first start 
taking the drug, and an early CPK value might be mis- 
leading. I have noted a greater problem with liver toxicity 
when patients are taking nicotinic acid and lovastatin, 
whereas the combination of gemfibrozil and lovastatin is 
generally better tolerated. Because many patients have 
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side effects with nicotinic acid or the bile acid—binding 
resins, it would be wise to alter the dosage of the gemfi- 
brozil/lovastatin combination to try to prevent myositis. 

Question: Does taking gemfibrozil before meals dz- 
creast the efficacy of lovastatin taken with meals? 

Dr. Canter: I don’t have enough information to deter- 
mine whether ‘these drugs interact, but gemfibrozil 
should always be taken before meals. 

Question: Should HDL samples drawn in the offize 
be frozen while awaiting analysis? 

Dr. Wilson: The ideal approach to performing a lipid 
profile is draw the sample, refrigerate it and separate out 

*he plasma within 12 hours; total chole8terol, HDL and 
triglycerides should then be measured within 3 or 4 dars. 
For small or individual studies, there is no reason to freeze 
the sample; however, for lafge-scale studies, resources 
may not be in place for immediate measurements, so it 
has been suggested that the sample be precipitated befcre 
freezing. HDL can be measured later u#ing the superra- 
tant. Temperatures for freezing should be around 
—70°C—mach colder than the ~20° of most freezers— 
and the samples will probably not begin to deteriorate for 
at least 6 months; efter 6 months, values may not. be as 
reliable. For Ses: results, HDL should be measured on a 
fresh sample, but apolipoproteins can probably be mea- 
sured long after freezing without a problem. 

Question: Although the major change in the Helsinki 
Heart Study was,a 40% decrease in triglyceride levels, the 
statistic@l analysis indicates that triglycerides are noz a 
risk factor for CAD. Are the statistical tools faulty or 
somehow affected by individual variability in triglyc2r- 
ides? 

Dr. Cayter: That’s the problem with analyzing tri- 
glycerides: multiple risk factors must be included in the 
statistical model. Triglycerides show a strong correlation 
with HDL; in the Helsinki study, HDL was less variasle 
than the triglycerides. When HDL is included in ~he 
analysis, any correlation between triglycerides and zhe 
incidence of CAD disappears. Some investigators still 
believe that triglyceride levels should be considered a risk 
factor, and that the methods in the Helsinki Heart Study 
did not allow that hypothesis to be confirmed because aot 
all the participants had high triglyceride levels; in fect, 
the majority hed normal levels. 

Question: Does increased triglyceride levels associ- 
ated with bile zcid—binding resins require treatment? 

Dr. Schaefer: If the patient gas high VLDL and LDL 
or high total cholesterol and triglycerides, a resin would 
generally not be the first choice of therapy. Nicotinic acid 
would be preferatle. However, if njcotfnic acid is not 
tolerated, a resin in combination with gemfibrozil car. be 
presented to improve tolerance. ° 

Question: What about the effect of nicotinic acid on 
blood sugar levels? Does the increase in serum glucose 
lessen the benecit of this agent for reducing CAD risk? 

Dr. Schaefer: Glucose intolerance or high insulin ev- 
els contraindicztes the use of nicotinic acid. A poss:ble 
exception is the patient already taking insulin who zan 
handle an increased dose while on such therapy. 

Question: A recent report on autopsy findings in the 
Honolulu Heart Study indicated that the presence of 
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coronary artery lesions was not related to HDL levels. 
Any comments? 

Dr. Wilson: I’m not sure why there would be a differ- 
ence between those results and their earlier findings. Per- 
haps there were too few autops:es to provide statistically 
significant results. 

Question: Some patients treated with gemfibrozil 
show increases in both LDL and HDL. Should the drug 
be continued if the LDL level increases? 

Dr. Canter: This occurs typically in the patient with a 
very low LDL and elevated triglycerides. The explanation 
is that the composition of the LDL is changing. Dr. Scott 
Grundy, at the University of Texas Southwestern School 
of Medicine in Dallas, has shown that the increase in 
LDL is not really associated with an increase in apolipo- 
protein B; therefore the LDL:apoB ratio tends to normal- 
ize with therapy. Unless the LDL level begins to get too 
high, I would not discontinue gemfibrozil. If the reason 
for taeatment was to reduce triglycerides, that in itself 
would be the major therapeutic benefit. 

Question: Is HDL glycosy-ated as LDL is? 

Dr. Norman Miller (Winston-Salem, North Carolina): 
Yes, in the seme way that albumin and many other pro- 
teins are, in diabetes. Whether that is significant in terms 
of its relationship to atherogeresis is not clear. I believe 
some preliminary data have teen presented suggesting 
that glycoslyated HDL is less able to bind to the cell 
membranes of cultured cells arid to promote the efflux of 
cholesterol from those cells, but this needs to be con- 
firmed. 

Question: Can you offer any information about the 
use of natural méterials, other than alcohol, to increase 


he, 


HDL? We have found that using rapeseed oil from Ar- . 


gentina as a food supplement significantly increases 
HDL, particularly in persons with relatively low levels of 
HDL (<40 mg/cl) to begin with. 

Dr. Miller: You've touched on an area that certainly 
deserves exploration. Although we know that diets rich in 
saturated fats and cholesterol tend to increase HDL in 
the same way as they increase LDL, we know very little 
about the effects of other dietary components. 

Question: When HDL cholesterol is reduced by an 
agent such as probucol, what is the mechanism involved? 
Are the HDL particles or the HDL cholesterol reduced 
and, if the latter, is the reverse cholesterol transport 
system implicated? Would that be related to peripheral 
apo E production and its role in HDL uptake by the 
liver? 

Dr. Miller: This issue is still being investigated. Some 
interesting preliminary data from Japan suggest that pro- 
bucol may somehow increase the efflux of cholesterol 
from cultured cells—from the spleen, I believe—-and may 
also promote the synthesis of apo E. One could hypothe- 
size that an :ncrease in apo E synthesis may increase the 
clearance of HDL from the circulation. On the other 
hand, in vivo studies of the turnover of apo AI have shown 
a decrease in apo AI synthesi3, as well as an increase in 
the fractional catabolic rate af apo AI, although the re- 
sults were not statistically significant. If we look at the 
composition of HDL in patients treated with probucol, we 
find that the percentage of small HDL particles is in- 


creased. It’s conceivable that the probucol-induced de- 
crease in HDL is not detrimental. 

Question: How vigorously should one manage the pa- 
tient with diabetic hyperlipidemia, given the results of the 
World Health Organization study cn high triglyceride 
levels in microvascular disease and the NCEP Guidelines 
about male gender and diabetes being risk factors for 
CAD? 

Dr. Antonio M. Gotto, Jr. (Houston, Texas): I think 
we should be very vigorous in treating hyperlipidemia in 
the diabetic patient, whether the problem is an increase in 
LDL or hypertriglyceridemia with low HDL. At least 2 
mechanisms are involved in the development of hyperlipi- 
demia: In severe insulin deficiency, as in diabetic ketoaci- 
dosis, a deficiency in lipoprotein lipase leads to a de- 


creased rate of removal of triglyceride remnant particles: 


from the circulation. Second, there is some evidence that 
hyperinsulinemia may increase VLDL synthesis and 
cause VLDL and triglyceride levels to increase. 

Management should include rigorous controkof glu- 
cose intolerance with diet, exercise and insulin or an oral 
hypoglycemic agent. Once this has been achieved, one 
can consider the various agents available. Gemfibrozil 
would be the agent of choice for diabetic patients with 
high triglyceride and low HDL levels. As Dr. Schaefer 
has pointed out, nicotinic acid interferes with glucose 
control in the diabetic patient. For the patient who pri- 
marily has elevated LDL, a bile acid-binding resin or 
lovastatin could be used. 

Question: Beta blockers are known to have an adverse 
effect on HDL cholesterol. Is this clinically relevant and 
are some beta blockers less offensive than others? 





Dr. Gotto: We don’t yet know the clinical significance. 
Beta blockers with intrinsic sympathomimetic activity do 
not appear to increase triglycerides or decrease HDL. In 
general, if a patient with hypertension also has high total 
cholesterol or triglyceride levels or a low HDL level, it’s 
prudent to avoid using a drug that will treat one risk 
factor while exacerbating another. 


CONCLUDING REMARKS (Antonio M. Gotto, Jr.) 

Certainly there is overwhelming evidence from epide- 
miologic studies, case-control studies 4nd clinical trials 
that relates HPL levels and coronary disease. Neverthe 
less, many questions remain unsolved. Physicians must 
continue to rely on their best clinical judgment when 
approaching the patient evith lipid disorders, especially 
with low HDL levels. We do not have ways of increasing 
HDL without altering othey lipoprotein fractions. It is 
clear that the Fkelsinki Heart Study, in which gemfibrozil 
exerted its primary effect on HDL while lowering LDL, 
has offered additional insight. 

In any case, the role of HDL is important, and screen- 
ing for HDL will be carried out over the next few years as 
our methods improve. Over time, the Natonal Institutes 
of Health will review the NCEP Guidelines and deter- 
mine whether to revise the recommendations concerning 
HDL measurement or whether the primary focus should 
continue to be on LDL. In addition, it may become clear 
that HDL and triglycerides should be included in the 
equation as targets for therapy and not just be considered 
additional risk factors for coronary artery disease. 
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the risk of toxicity. References made in the articles may indicate uses of drugs a! dosages, for 
periods of time, and in combinations not included in the currert prescribing information. 
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Introduction 


Jay N. Cohn, MD 


are gaining popularity as adjuvant therapy in the 

management of heart failure. The increasing use 
of ACE inhibitors is based on early clinical studies that 
demonstrate the hemodynamic effectiveness of the drugs 
and on intermediate-term clinical trials that demonstrate 
improvement in symptoms and exercise tolerance. More 
recently, the demonstration of a striking reduction in 
mortality in patients with severe class IV heart failure has 
further stimulated the use of these drugs in patients who 
remain symptomatic while receiving more conventional 
treatment. In addition, recent studies appearing to show 
efficacy in patients with mild heart failure have encour- 
aged some physicians to recommend that these drugs be 
administered as the agent of first choice for the treatment 
of this syndrome. 

The rapid expansion of clinical indications for the use 
of ACE inhibitors in patients with heart disease has in- 
creased the need for more comprehensive insight by prac- 
ticing physicians into the mechanisms of action of these 
drugs, their pharmacokinetics and pharmacodynamics, 
their interaction with protean neurohormonal mecha- 
nisms and their potential effects at the tissue level to alter 
the natural history of the syndrome of heart failure. 

This symposium was designed to address some of the 
issues that are of importance in understanding how to use 
ACE inhibitors in patients with heart failure. In my arti- 
cle, I have tried to place the use of ACE inhibitors in the 
perspective of the disturbed pathophysiology of heart fail- 
ure. New understanding of the mechanisms in heart fail- 
ure may lead to a revision of our current concepts of the 
action of ACE inhibitors. 

Dr. Robert Cody reviews the pharmacokinetics and 
pharmacodynamics of the three ACE inhibitors currently 
marketed in the United States—captopril, enalapril and 
lisinopril. An understanding of the differences between 
these agents is critical for their proper use in heart failure. 

Dr. Steven Gottlieb explores the action of ACE inhibi- 
tors on the kidney. Not only is the kidney the primary site 
of origin of renin, but the renal effects of these drugs may 
be critical to their therapeutic efficacy and toxicity. 

Dr. Gary Francis addresses the systemic neurohor- 
monal mechanisms that appear to be activated in heart 


A ngiotensin-converting enzyme (ACE) inhibitors 
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failure. The vascular, metabolic and cellular effects of 
this neurohormonal stimulation may be a key to symp- 
toms and progression of heart failure. Therapeutic ap- 
proaches, including the use of ACE inhibitors, are depen- 
dent on an understanding of these mechanisms. 

Dr. Alan Hirsch extends our understanding of neuro- 
hormonal responses to the tissue renin-angiotensin sys- 
tem, which may be a key factor in the therapeutic re- 
sponse to ACE inhibition. Although many features of this 
tissue system are still controversial, there is growing evi- 
dence that it plays a role in the heart failure syndrome. 

Dr. Karl Swedberg reviews newer data from the 
CONSENSUS trial describing the relation between the 
clinical efficacy of enalapril and the neurohormonal re- 
sponse to heart failure. These data support previous evi- 
dence that neurohormonal activation is a prognostic 
marker in heart failure. 

The discussions of these papers are presented in this 
supplement because they help to clarify some practical 
points pertaining to the treatment of heart failure. The 
hope is that these papers and the discussions will serve as 
a state-of-the-art presentation that focuses on what is 
known and what is yet to be learned about ACE inhibi- 
tors for heart failure. 





Jay N. Cohn, MD 
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Mechanisms in Heart Failure and the Role of 
Angiotensin-Converting Enzyme Inhibition 


Jay N. Cohn, MD 


The four major diagnostic criteria for the syndrome 


of congestive heart failure are left ventricular dys- 
function, exercise intolerance, pulmonary conges- 
tion or edema and ventricular arrhythmias. Activa- 
tion of norepinephrine, angiotensin Il, vasopressin 
and atrial natriuretic peptide may he a key factor in 
the vasoconstricticn and increased impedance to 
left ventricular ejection in heart failure. Interven- 
tions that interfere with these vasoconstrictor 
mechanisms should have a salutary effect on left 
ventricular performance. Treatment with angioter~ 
sin-converting enzyme (ACE) inhibitors, a-adreno- 
ceptor blockers and vasopressin antagonists has 
resulted in hemodynamic benefits, but it has been 
more difficult to demonstrate long-term clinical ef- 
fectiveness. Reductions in mortality have been 
demonstrated in patients with heart failure treated 
with vasodilators and ACE inhibitors. Improvement 
in the quality of life and prolongation of life are the 
only two appropriate goals in the management of 
heart failure. Further understanding of the role of 
angiotensin II and its interference by ACE inhibition 
in the tissue processes of heart failure is needed. 
(Am J Cardiol 1990;66:2D~€D) 
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heart failure has led to controversies about its 

diagnosts and uncertainties as to how the com- 
plex pathophysiology contributes to the natural history of 
the syndrome. One key to the complex pathophysiology 
of heart failure has been the favorable clinical effects 
noted in response ta treatment with angiotensin-convert- 
ing enzyme (ACE) inhibitors. Although this was initially 
accepted as evidence for the efficacy of vasodilator thera- 
py, new unders-anding of the actions of angiotensin II 
and of the pharmacologic effects of ACE inhibitors has 
made even this observation less then simple. To set the 
stage for the mere focused review of the potential mecha- 
nisms of action of ACE inhibitors, I shall review in broad 
terms some of the pertinent clinical and pathophysiologic 
manifestations of heart failure. 


G rowing knowledge about the clinical syndrome of 


DIAGNOSIS OF HEART FAILURE 

Ventricular dysfunction can be quantitated by a num- 
ber of hemodynamic measurements made either at rest or 
during exercise or other stresses. This quantitative assess- 
ment of ventricular function may provide a precise means 
of evaluating performance of the heart in physiologic 
terms. Recent experience, however, has made it clear that 
considerable ventricular dysfunction may exist in the ab- 
sence of symptoms, and thus the clinical syndrome cannot 
accurately be described by such quantitative assessment 
of pump function. Nonetheless, since heart failure is a 
syndrome that has its origin in heart muscle dysfunction, 
demonstration of left ventricular dysfunction should be a 
sine qua non for the diagnosis. 

The chief clinical manifestation cf heart failure is 
reduced exercise capacity because of dyspnea or fatigue. 
Therefore, the simplest definition of heart failure is that it 
is a syndrome in which left ventricular dysfunction is 
accompanied by exercise intolerance.! Two other mani- 
festations of the clinical syndrome are so common that 
they are best included in the primary diagnostic criteria. 
Sodium retention manifested by pulmonary congestion or 
peripheral edema is often a hallmark of the disease and 
has led to use of the term congestive heart failure to 
describe the syndrome. Although most patients with 
heart failure do indeed have congestive signs or symp- 
toms, these are nct necessary for the diagnosis. Thus, left 
ventricular dysfunction accompanied by exercise intoler- 
ance in the absence of congestion can still be diagnosed as 
heart failure. 

Ventriculer arrhythmias, including premature ven- 
tricular depolarizations and rans of asymptomatic non- 
sustained ventricular tachycerdia, are also commonly 
present in the syndrome.” Although not all patients have 
such ventricular arrhythmias, and their presence is not 
necessary for the diagnosis of heart failure, their detec- 


tion may best be accepted as a component of the syn- 
drome and not an independent problem that needs specif- 
ic evaluation. These four major diagnostic criteria for the 
syndrome of heart failure are shown in Figure 1. The 
syndrome of clinical heart failure includes all patients 
with left ventricular dysfunction and exercise intolerance, 
whereas the diagnosis of congestive heart failure should 
be confined to patients who also exhibit edema and con- 
gestion. 


NEUROHORMONAL ACTIVATION 
IN HEART FAILURE 

The relation between the clinical manifestations of 
heart failure (exercise intolerance, sodium retention and 
ventricular arrhythmias) and the physiologic impairment 
in left ventricular function is not simple. A poor correla- 
tion between each of these variables suggests that mecha- 
nisms other than the simple impairment of ventricular 
function contribute to these distursances.? Neurohor- 
monal activation has been proposed as a key contributor 
to the syndrome’s clinical manifestations and progression. 
The evidence that these systems are activated in heart 
failure comes from a variety of studies in patients with the 
overt clinical syndrome. Activation of the sympathetic 
nervous system is manifested by eleveted circulating plas- 
ma norepinephrine levels,*+> by elevated norepinephrine 
spillover rates assessed by kinetic studies using tritiated 
norepinephrine,° and by increased efferent sympathetic 
nerve traffic measured from the peroneal nerve in pa- 
. tients with heart failure.’ In recent studies,® an increase in 
plasma norepinephrine has also been demonstrated in 
patients with left ventricular dysfunction who do not have 
overt signs of heart failure. Thus, the increased activity of 
the sympathetic nervous system may be a somewhat non- 
specific response to impaired left ventricular function. 

Activation of the renin-angiotensin system is also 
common in patients with heart failure. Indeed, some pa- 
tients exhibit exceedingly high levels of plasma renin ac- 
tivity indicative of intense renal release of renin.? The 
high levels are particularly common in patients with de- 
compensated heart failure, most of whom are also receiv- 
ing large doses of diuretics that might contribute to the 
stimulation of renin release from the kidney. In other 
patients, however, even some with severe symptoms of 
chronic congestive heart failure, plasma renin activity 
may be normal and may exhibit a relatively attenuated 
response to sodium restriction and <o furosemide.!° The 
mechanism of this heterogeneity of renin response in pa- 
tients with heart failure is not known. 

Plasma arginine vasopressin and atrial natriuretic 
peptide levels are also increased in patients with heart 
failure.'' Vasopressin levels average about twice the nor- 
mal level in patients with heart failure. The mechanism of 
this increase is not known, although it is thought to be 
largely nonosmotic in origin; the possible role of this 
vasopressin stimulation in contributing to water retention 
and hyponatremia remains an attractive hypothesis.}? 
Atrial peptide levels increase in response to atrial stretch, 
and the increase in heart failure appears to correlate with 
the degree of venous congestion.!? 
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FIGURE 1. The four major diagnostic criteria for the syn- 
drome of congestive heart failure (CHF). 


The potential physiologic effects of this neurchormon- 
al stimulation are well known to circulatory physiologists. 
An increase in vascular resistance and a decrease in vas- 
cular compliance are prominent vascular actions of nor- 
epinephrine, angiotensin II and vasopressin.'* Atrial na- 
triuretic peptide may exert vasodilator effects in some 


-vascular beds under certain conditions, but its vasodilator 


effect appears not to be very potent and may downregu- 
late with chronic stimulation.!> Thus, the net effect of 
activation of these four hormonal systems is an increase in 
vascular tone that raises impedance to left ventricular 
ejection. Since increased impedance is a critical determi- 
nant of left ventricular performance in patients with heart 
failure,'® this neurohormonal activation may be a key 
factor in a progressive deterioration of left ventricular 
function that may contribute to the natural history of the 
syndrome. However, other actions of these systems may 
also be critically involved in the process. The sympathetic 
nervous system stimulates myocardial contractility 
through 6-receptor effects, but long-term stimulation 
may result in downregulation of these 8 receptors and an 
impaired peak capacity for contractility.!’7 Coronary va- 
soconstrictor effects of all of these hormonal systems may 
impair myocardial perfusion, particularly to the subendo- 
cardium, and may add a metabolic component to the 
ventricular dysfunction even in patients without ischemic 
heart disease.'® The renal vasoconstrictor and intrarenal 
effects of these hormones may contribute to sodium re- 
tention, water retention and congestive symptoms in 
heart failure.!? Furthermore, the adrenal stimulatory ef- 
fect of angiotensin II contributes to hyperaldosteronism 
in heart failure and thus to hypokalemia, which may 
aggravate the metabolic abnormality.2° A recently recog- 
nized effect of angiotensin I] is its direct effect on cellular 
growth. Both vascular and cardiac tissue may respond 
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to this hormone by hyperplasia or hypertrophy,?!-# 
which could be a key to the progressive changes in ven- 
tricular function end progressive changes in vascular im- 
pedance that contribute to the natural history of the syn- 
drome. 


PHARMACOLOGIC INTERVENTION 
IN HEART FAILURE 

If these meurchormonal mechanisms are key to the 
vasoconstriction nd increased impedance in heart fail- 
ure, interventions that interfere with these vasoconstric- 
tor mechanisms should have a salutary effect on lef. 
ventricular performance. This has certainly been the case 
with short-term administration of a-adrenoceptor 
blockers,24 ACE nhibitors*>.2° and vasopressin antago- 
nists.” The problem in the last decade has not been tc 
demonstrate a favorable hemodynamic effect of the ad- 
ministration of these drugs, but to demonstrate that this 
hemodynamic ber.2fit can be translated into a long-terrr 
clinical response. Variakle effects have been noted ir 
previous trials in terms of the four major clinical manifes- 
tations of heart fzilure. Although an acute increase ir 
cardiac output an: decline in left ventricular filling pres- 
sure are hallmark: of the response to vasodilator drugs,*® 
long-term improvzment of left ventricular performance 
as manifested by a reduction in heart size or an increase 
in ejection fracticn has been more difficult to demon- 
strate. In some of the ACE inhibitor trials?’ and in the 
Veterans Administration Cooperative Study (V- 
HeFT),2° which asec hydralazine and isosorbide dini- 
trate therapy, a medest increase in ejection fraction could 
be demonstrated. 3xercise tolerance has been difficult ta 
quantitate because of the variabilities in protocol design 
and end points us:d in different studies. In some trials, 
particularly those of ACE inhibitors, an increase in peak 
exercise performance has been demonstrated.*?3!32 

Relief of congestion and edema would be clear mani- 
festations of an in->rovement in the clinical syndrome of 
heart failure, but tze use of diuretics in most clinical trials 
has clouded this <valuation. In most patients, diuretic 
therapy has ccntin.ed to be required despite the adminis- 
tration of effective vasodilator or neurchormonal-inhibit- 
ing agents. Although veniricular premature beats are a 
common manifestation of the syndrome of heart failure, 
it is not yet clear whether their inhibition should be con- 
sidered a favorabE effect.” In most trials, it has been 
difficult to demonstrate that treatment has had a favor- 
able effect on the f-equency of premature beats, although 
some?? have demonstrated a reduction in premature 
beats in response : ACE inhibitors. 

Effects on mortality, which is a more definitive end 
point, have been demonstrated in two controlled trials. In 
V-HeFT, the graup treated with hydralazine and iso- 
sorbide dinitrate in addition to digoxin and a diuretic 
demonstrated a lover mortality than patients given place- 
bo in addition to digoxin and a diuretic. The reduction in 
mortality appearec to demonstrate for the first time thai 
the natural history of the syndrome could be favorably 
influenced by inter-erence with the vasoconstrictor mech- 
anisms present in tae disezse. The CONSENSUS trial?4 
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in northern Scandinavia of patients with more severe 
heart failure demonstrated a remarkable reduction in 6- 
and 12-month mortality in patients given enalapril com- 
pared with those given placebo in addition to more tradi- 
tional therapy. 

These two studies have been interpreted as showing 
the potential efficacy of an effect:ve vasodilator regimen 
in patients with heart failure. Coraparing these studies is 
somewhat hazardcus, however, because the patient popu- 
lations were so different and th2 treatments were not 
identical. Nonetheless, at 1 year after randomization—- 
the only interval zhat could be directly compared in these 
two trials—the magnitudes of the reductions in mortality 
were similar. Thus, one interpretation of these findings is 
that both regimens reduced the impedance to left ventric- 
ular ejection that was contributing to the increased mor- 
tality and that either drug could be used to produce a 
favorable effect. An alternate hypothesis, however, is that 
the drugs actually act by differen: mechanisms and that 
the vasodilator ezfect of the hydralazine and isosorbide 
dinitrate is quite different from the overall cardiovascular 
effect of the ACE inhibitor and that the 2 interventions 
might even be additive in their effect if they had been 
studied in that wey. The V-HeFT II trial is now compar- 
ing enalapril and hydralazine-isosorbide dinitrate thera- 
py in patients with mild to moderate heart failure. An 
appropriate future study might be the comparison of ei- 
ther one of these agents with the other added to it in order 
to assess their combined efficacy. 


MECHANISM OF DEATH . 

The mechanism or death in patients with heart failure 
has been no less cor.troversial than the pathophysiology of 
the syndrome. Sudden, apparently instantaneous death is 
a common occurrence in patients with heart failure and is 
usually attributed to a lethal ventricular arrhythmia. Al- 
though this is probably true in many cases, recent docu- 
mentation>> of the frequent occurrence of electromechan- 
ical dissociation in -he absence of errhythmias as a cause 
of instantaneous death has raised some concern about the 
mechanism in these patients. The mechanisms of death in 
the V-HeFT and CONSENSUS trials appeared to be 
different. In V-HeFT, 44% of the deaths were reported as_ 
occurring sudder.ly in the setting of clinical stability, with 
arrhythmia as a likely cause. In CONSENSUS, the fre- 
quency of sudden death was lower. probably because the 
patients had both severe heart failure and severe pump 
dysfunction that most often manifested itself as pump 
failure. 

Thus, the CONSENSUS trial could demonstrate no 
reduction in the occurrence of sudden death in response to 
enalapril, whereas Y-HeFT demorstrated a reduction in 
sudden death as well as pump failure death with hydrala- 
zine-isosorbide dinitrate treatment. The classification of 
mechanisms of death in heart failure and the potential 
differential effect cf various treatments on the mecha- 
nism of death will srobably remain controversial until the 
classification system is more universally applied and until 
more data can be obtained on rhythms recorded at the 
time of apparent sudden death. 


GOALS OF TREATMENT 

There are only two appropriate goals in the manage- 
ment of patients with heart failure: improvement in the 
quality of life and prolongation of life. The other end 
points often used in clinical trials can only serve as surro- 
gates for the two major treatment goals. Although such 
quantitative measurements as hemodynamics and peak 
exercise performance are often used as surrogates for 
quality of life, it is apparent that in long-term efficacy 
studies these may not provide an adequate assessment of 
the patient’s state of well-being. Self-assessment ques- 
tionnaires that address questions directly related to the 
heart failure syndrome may be more appropriate, but 
they are not yet adequately validated as indices of the 
quality of life.3°-38 Much effort has been expended on 
identifying factors that contribute to the risk of mortality 
in heart failure, and we may be approaching the time 
when surrogates for mortality might be available. In the 
meantime, however, there appears to be no substitute for 
the measurement of the effect of treatment on mortality 
to assess its capacity to alter the natural history of the 
syndrome. 

The natural history of the syndrome of heart failure is 
now a primary focus of interest in worldwide investiga- 
tions. It is apparent that the syndrome may progress in 
the absence of new insults to the myocardium related to 
the etiology of the heart disease. The role of neurchor- 
monal and other mechanisms in contributing to the hy- 
pertrophy and dilation of the left ventricle and the hyper- 
trophy and constriction of the peripheral vasculature may 
be critical components in the progression. New insights 
into the role of angiotensin H and its interference by ACE 
inhibition in these tissue processes are urgently needed. 
As this new information accumulates, it may be possible 
to expand our understanding of the role of ACE inhibi- 
tion on both the circulating and the tissue renin-angicten- 
sin system. Other new agents will be developed that may 
interfere at different points in the renin-angiotensin cas- 
cade and in the other systems that control vascular tone 
and myocardial growth. In the meantime, however, phy- 
sicians have been provided with powerful pharmacologic 
tools to interfere with the symptomatology and probably 
the mortality in this complex clinical syndrome. In the 
other contributions to this symposium, we shall explore 
the present siate of knowledge and future directions for 
our study of ACE inhibitors. 
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DISCUSSION 

Dr. Stephen Gottlieb (Baltimore, Maryland): In pa- 
tients with heart failure whom I follow, I find it difficult 
to determine which patients die suddenly. It seems to me 
that it is impossible in a multicenter study. Furthermore, 
there is a recent report that sudden death, which appears 
to be secondary tc ventricular arrhythmias, often is not. 
Do our arbitrary definitions really reflect the mechanism 
of death? 

Dr. Jay Cohn (Minneapolis, Minnesota): Certainly, 
the fact that patients may die suddenly with a normel 
sinus rhythm thrcughout the terminal episode has been 
well established. It is not uncommon for acute electrome- 
chanical dissociation to be a terminal event in patients 
with severe heart failure. But the general feeling is the:, 
although lethal bradyarrhythmias and electromechanical 
dissociation do oczur, ventricular fibrillation is probably 
more common. We do, of course, run the risk of including 
these bradyarrhythmias and electromechanical dissocia- 
tions in the sudden death group. Dr. Swedberg, do you 
want to comment on this? 

Dr. Karl Swedberg (Gothenburg, Sweden): Among 
the 118 patients who died in our study, most of the pa- 
tients who had a cardiac death died because of progres- 
sion of heart failure. However, when we studied the type 
of arrhythmias ir these patients, the arrhythmias were 
very complex. Accordingly, the arrhythmias express the 
myocardial disease. I also think it is unwise to extrapolate 
the findings from these patients to those with milder 
forms of heart failure. 

Dr. Cohn: How confident are you that it was a pro- 
gression of heart failure and not sudden death in the 
presence of heart failure? 

Dr. Swedberg: I am quite confident, because there 
were patients who had improved and had left the hospital 
in most cases. For example, one patient had a clear im- 
provement but was found dead in the hospital lobby when 
leaving for home. 

Dr. Alan Hirsch (Boston, Massachusetts): Dr. Cohn, 
you have discussed the importance of the sympathetic 
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nervous system ard the renin-angiotensin system in heart 
failure pathophysiology. If sudden death reduction is an 
important end point, can the efficacy of a pharmacologic 
intervention be judged by its effect on the pretreatment 
predictors of mortality? In other words, can treatment 
with hydralazine and a nitrate lower plasma catechol- 
amine levels in a manner predictive of improved survival? 


Alternatively, does the magnitude by which ACE inhibi- 


tors lower plasma argiotensin If concentrations predict 
improvement in the sudden death rate in any population 
studied? 

Dr. Cohn: Tiere is as yet no data adequate to address 
the effect on survival of a drug-induced change in predic- 
tors of survival. 

Dr. Swedberg: We made up a prediction score based 
on the combined neuroendocrine activation, and it is clear 
that patients who hac neuroendocrine activation died as a 
result of the progression of heart failure. 

Dr. Cohn: Our original data that the very high norepi- 
nephrine levels were a predictor of progressive pump fail- 
ure death, not of sudden death, would fit in with Dr. 
Swedberg’s data. In fact, among the patients with normal 
or modestly elevated norepinephrine levels who died, it 
was more commonly sudden deatk. So there is no support 
from the data that the sympathetic nervous system is an 
important factor :n sudden death, whereas it certainly is a 
marker for, or a risk factor in, pump failure death. Of 
course, the limiting factor in all these studies is that we do 
not have the luxury of obtaining hormonal! measurements 
at the time the patient dies. 

Dr. Gary Francis (Minneapolis, Minnesota): We have 
recently reviewec. some retrospective data on norepineph- 


tine; because they are retrospective, they are not particu- 


larly strong. We also found that patients who tended to 
have a progressive rise in norepinephrine over time are 
more likely to die oF progressive pump failure, whereas 
patients who died suddenly tended to have a relative lack 
of increase in plasma norepinephrine over time. 

Participant: We should corsider other neurohor- 
mones as well; angiotensin II itself might be directly 
arrhythmogenic. 

Dr. Francis: What we found with renin, not angioten- 
sin II, was that renin levels seern to reflect the clinical 
status of the patient. When patients experience decom- 
pensation, renin levels rise sharply, and when they are 
better, the renin levels decrease. 

Dr. Cohn: One cbservation that we have made from 
the Veterans Administration Cooperative Study (V- 
HeFT) results is that patients who are going to die sud- 
denly do so most cften within zhe first year after the 
diagnosis and szart of treatmert and that the risk of 
sudden death decreases with tim. Of course, the risk of 
pump failure death increases with time. If the patient has 
not had a ventricular arrhythmiz for a year, he or she is 
unlikely to have the substrate for ventricular fibrillation, 
whereas pump failure is a progressive pattern. I am not 
sure how to incorporate that into our management 
scheme, but it may be an important observation. 





Pharmacology of Angiotensin-Converting Enzyme 
Inhibitors as a Guide to Their Use in Congestive 
Heart Failure 


Robert J. Cody, MD 


The pharmacokinetics of the angiotensin-convert- 
ing enzyme (ACE) inhibitors are difficult to assess 
for several reasons. First, these compounds exert 
their influence by inhibiting an.intermediary en- 
zyme of a cascade of enzymatic events, whose rate- 
limiting enzyme (renin) is not directly affected by 
ACE inhibition. Second, renin and angiotensin I ac- 
cumulate during ACE inhibition and a change in the 
dose of an ACE inhibitor could produce sudden 
shifts of angiotensin | to angiotensin Il. Third, com- 
ponents of the circulating renin system require the 
interaction of several organ systems and effector 
sites. Fourth, the kinetics of ACE inhibitors can be 
influenced by the organ systems responsible for 
drug absorption, metabolism and excretion, and the 
functional status of these systems can be affected 
by the heart failure process. Fifth, at least some — 
portion of the cardiovascular effects of ACE inhibi- 
tors is influenced by the contributions of other sys- 
tems whose physiologic effects may be of impor- 
tance in some patients with congestive heart fail- 
ure. Sixth, the potential impact of tissue-bound 
ACE is not yet fully understood. Finally, for appro- 
priate drug dosing, the effects of aging on the heart 
failure process, the extent of renin system activity, 
and the disposition of ACE inhibitors need to be 
considered. Because of their complex pharmacoki- 
netics, treatment with ACE inhibitors has been 
guided by their pharmacodynamic and clinical char- 
acteristics. 

(Am J Cardiol 1990;66:7D-—13D) 
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portant hormonal pathway in congestive heart 

failure (CHF)! because it produces excessive arte- 
rial vasoconstriction and sodium retention. The introduc- 
tion of angiotensin-converting enzyme (ACE) inhibitors, 
the activity of which blocks angiotensin I]-mediated vaso- 
constriction and aldosterone-mediated sodium retention, 
is an important advance in the treatment of CHF. Con- 
siderable data on the clinical efficacy of these drugs have 
been accumulated, but less is known about their pharma- 
cokinetics and pharmacodynamics. The results of phar- 
macokinetic studies have beén reviewed.?~° As reported in 
this article, the effects of aging and progressive renal 
dysfunction in patients with CHF may be particularly 
relevant to treatment with ACE inhibitors. Clinical phar- 
macodynamics and the outcome of physiologic studies 
and clinical trials provide a good guideline for ACE in- 
hibitor dosage and utilization. 


[Te renin-angiotensin-aldosterone system is an im- 


THE RENIN-ANGIOTENSIN SYSTEM 

Angiotensinogen, a serum a@-globulin, is produced by 
the liver and circulates in plasma as a biologically inactive 
peptide. Renin is a proteolytic enzyme secreted by the 
juxtaglomerular apparatus of the kidney that cleaves 4 
amino acids from angiotensinogen to form the decapep- 
tide angiotensin I, which also has minimal vasoactive 
properties. Many factors contribute to the secretion of 
renin; the three most important involve sympathetic ner- 
vous system activation, baroreceptor regulation of affer- 
ent renal arterial tone and reduction of distal tubular 
sodium delivery to the macula densa. Once secreted, re- 
nin cleaves 4 amino acids from angiotensinogen to form 
angiotensin J. This enzymatic process is the rate-limiting 
step of the renin-angiotensin system cascade. Angiotensin 
I is converted to the octapeptide angiotensin I with the 
removal of 2 more amino acids by the dipeptidyl carboxy- 
peptidase converting enzyme. It was long believed that 
this conversion occurred primarily in pulmonary tissue, 
but tissue-bound converting enzyme has.been found 
throughout the body, most notably in vascular and myo- 
cardial tissues. The end product, poses II, is a po- 
tent vasoconstrictor. 

Angiotensin H is also a potent stimulus for aldoste- 
rone secretion from the adrenal cortex. The hormonal 
actions of aldosterone include distal tubular sodium reab- 
sorption and potassium excretion. Because the radioim- 
munoassays for angiotensin I and angiotensin H are tech- 
nically difficult, the. most useful and readily available 
measure of activity of the renin-angiotensin system is the 
level of renin. This is assessed by a sensitive radioimmu- 
noassay that measures the conversion of angiotensinogen 
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to angiotensin I and is expressed as plasma renin activity. 
Increased secretion of renin has been found in most CHF 
patients. Despite newer concepts about the potential role 
of tissue renin systems, the endocrine-renin system is 
clearly abnormal in many patients with CHF. 


CAPTOPRIL IN HEALTHY SUBJECTS 

The pharmacoxinetics of captopril have been previ- 
ously outlined.*3 Captopril is rapidly absorbed from the 
gastrointestinal tract in healthy subjects; levels are de- 
tectable as early as 15 minutes after administration 
About 60 to 75% of an oral dose of captopril is absorbed; 
consumption of food will decrease absorption by 30 to 
40%. It is not known whether captopril crosses the placen- 
ta; it is not readily secreted into human breast milk. 
Captopril is 25 to 30% protein bound, and the volume cf 
distribution of unchanged captopril (10 mg) at steady 
state was 0.7 + C.04 L/kg. Once absorbed, captopril 5 
metabolized to several forms, including a disulfide dimer 
of captopril, a capitopril-cysteine disulfide and other 
mixed disulfides with endogenous thiol compounds. Cag- 
topril and its pocl of metabolites probably undergo re- 
versible interconversions. 

Captopril and its metabolites are primarily excreted 
by the kidneys, with a minor role for elimination in tke 
feces, which may represent unabsorbed captopril. Tke 
primary mechanism of renal excretion is tubular secr2- 
tion, accounting for 78% of urinary captopril. The elini- 
nation half-Hfe of unchanged captopril is about 1.7 hours, 
correlating closely with measurements of renal function. 
The concomitan: administration of probenecid to suz- 
jects receiving constant intravenous infusions of captop~il 
reduced renal clearence by 44% and total body clearance 
of captopril by 19%. Marked increases in elimination 
half-life to more than 20 to 40 hours have been reported 
in patients with reductions of creatinine clearances to less 
than 20 ml/min. Thus, doses of captopril should be ce- 
creased accordingly in patients with renal dysfunction, 
which is present in many patients with CHF.*’ 


CAPTOPRIL IN CONGESTIVE HEART 
FAILURE 

Single-dose pharmacokinetics were studied in 12 3a- 
tients with chronic CHF who were given a single oral dose 
of 25 mg of captopril in the fasting state.8 The peak blood 
concentration oF unchanged captopril (Cmax) was 127 + 
16 ng/ml, with a time to peak concentration (Tina.) of 
1.43 + 0.19 hours. The area under the time-concentration 
curve for an 8-hour observation period was 249 ng/ml- h. 
The elimination half-life was 1.06 hours. These pharma- 
cokinetics are similar to those observed in healthy sub- 
jects and in hypertensive patients, except for a slightly 
delayed Tmnaz. To assess the effects of short-term cumula- 
tive dosing, the pharmacokinetics were reassessed after 5 
consecutive days during which 25 mg of captopril was 
given every 8 hours. The overall pharmacokinetics cf 
unchanged captopril were the same on day 5, with similar 
Cmax, arez under the curve and elimination half-life. The 
only difference was a slightly shorter Tmax. Levels of total 
captopril (unchanged captopril and metabolic pool: on 
day 1 were significantly higher than unchanged captepril 
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levels; furthermore, total captopril concentrations at all 
time intervals were greater on day 5 than on day 1. 


ENALAPRIL AND ENALAPRILAT IN HEALTHY 
SUBJECTS 

Data concerning the pharmacokinetics of the pro- 
drug enalapril (MIK-421) and its metabolite enalaprilat 
(MK-422) are much more limited.34 Enalaprilat is the 
active form of the drug, and has poient and prompt activi- 
ty as an ACE inhibitor when given intravenously, but it is 
poorly absorbed from the gastrointestinal tract (less than 
10%). To increase gastrointestinal absorption, enalapril 
was modified into a monoethyl ester form. Enalapril is 
rapidly absorbed in human subjects, with a minimal ab- 
sorption rate of 60 to 70%, and p-omptly inhibits angio- 
tensin II formation. In contrast to captopril, the presence 
of food in the gastrointestinal tract does not appear to 
influence its absorption. After a 10-mg dose, the Cmax of 
enalapril was 140 + 52 nM (rang2, 77 to 232 nM) witha 
Tmax of 1.0 + 0.3 hours (range, 0.5 to 1.5 hours). The area 
under the curve for 72 hours was 198 + 26 nmol/L™! - 
h7!. Once absorbed, enalapril is rapidly metabolized to its 
active form, enalaprilat. Thus, intact enalapril is found in 
the serum for a short period and ts almost undetectable 4 
hours after oral administration. 

In contrast, the distribution of enalaprilat is more 
prolonged. After 10 mg of oral enalapril, the Cmax of 
enalaprilat was 116 + 50 nM (range, 54 to 220 nM), with 
a delayed Tmax of 4.0 + 1.5 hours (range, 2 to 8 hours). 
The area under the curve over 72 hours was 1,409 + 437 
nmol/L! - h7! (renge, 750 to 2,121 nmol/L7! - h`»). 
There was a prolonged termina] phase, with enalaprilat 
still detectable 96 hours after dosing, in contrast to the 
short duration of enalapril. 

This research} also found ar effect of aging on enala- 
pril pharmacokinetics: the area under the curve was 
greater in elderly than in yourg healthy subjects. The 
effects of different doses of enalapril (ranging from 1.25 
to 20 mg) on the physiologic responses of 20 healthy male 
subjects were also studied. A dose-dependent response 
was revealed, with the lowest dose of 1.25 mg having the 
least effect on blood pressure and plasma renin activity. 
However, a clear plateau was reached, such that only 
small differences were noted between the responses to 10 
and 20 mg of enalapril. This plateau effect suggested that 
the plasma drug levels after 10 and 20 mg were sufficient 
to block ACE activity completely. The de-esterification 
of enalapril absorbed by the gastrointestinal tract to the 
active form of enalaprilat occurs primarily in the liver. 
This postabsorptive hydrolysis can occur in the mucosal 
lining of the gastrointestinal tract, but this has not been 
confirmed. Ir. contrast to the multiple metabolites of cap- 
topril, there appear to be no major metabolites of enala- 
pril other than enalaprilat. Excretion of enalapril and 
enalaprilat, like captopril, is primarily renal; therefore, in 
subjects who have decreased rnal function, excretion is 
delayed. 


ENALAPRIL AND ENALAPRILAT IN 
CONGESTIVE HEART FAILURE 
Schwartz et al? gave 8 patients with CHF 5 or 10 mg 


of oral enalapril and found major differences in drug 
pharmacokinetics from those in hypertensive patients. 
The Tmax Of enalaprilat was normal (5 hours), but the 
half-life was longer (7 to 8 hours), and enalapril clearance 
was much slower (0.6 to 0.7 L/min) than in patients with 
mild hypertension (2.5 to 2.7 L/min). Thus, the longer 
half-life of enalapril (in its active form, enalaprilat) cou- 
pled with a slower clearance could result in a longer 
duration of action in patients with CHF, indicating the 
need for a dose reduction or an increase in the dosing 
interval.‘ 


LISINOPRIL IN HEALTHY SUBJECTS 

Lisinopril is a lysine derivative of enalaprilat.>!° The 
active form of lisinopril constitutes the oral formulation; 
that is, lisinopril does not have to undergo the hepatic de- 
esterification step necessary for enalapril. The time to 
peak effect of lisinopril is approximately 6 to 8 hours, 
similar to that of enalaprilat after its conversion from the 
parent form. Bioavailability is 25 to 50%>!° and is not 
affected by the simultaneous consumption of food. Lisin- 
opril absorption is not affected by age and it is not signifi- 
cantly bound by plasma proteins. Aging, however, does 
affect the serum concentration of lisinopril.!° After a 
single dose of 20 mg, serum lisinopril levels were 2 to 3 
times higher in elderly subjects than in young subjects. 
Since absorption is not affected by age, this aging effect 
suggests differences in elimination. 

Little, if any, metabolism of lisinopril occurs after its 
absorption, and virtually all of the absorbed compound is 
excreted unchanged in the urine. Most of the compound 
is eliminated in an early phase, while the remainder is 
excreted during a terminal phase with a half-life of 30 
hours. The latter most likely represents saturable binding 
to ACE. Thus, the elimination half-life in healthy sub- 
jects is 12 to 14 hours. Steady-state levels are present 
within 2 to 3 days, depending on the schedule of adminis- 
tration. In patients with renal dysfunction, serum lisino- 
pril levels are increased and the excretion rate is reduced,’ 
thereby prolonging the duration of effect. 


LISINOPRIL IN CONGESTIVE HEART 
FAILURE 

The bioavailability of lisinopril in patients with CHF 
was 16% (range, 8 to 29%),'! whereas reports in norme] 
subjects indicate a bioavailability of 25%.'° Since lisina- 
pril is not metabolized to any great degree, these findings 
indicate decreased renal clearance of lisinopril in CHF. 
Lisinopril clearence is correlated with creatinine clear- 
ance, indicating that patients with reduced creatinine 
clearance will have a proportional decrease in lisinopril 
clearance. There is some evidence to suggest that the 
presence of severe renal impairment may result in drug 
accumulation, so that dosing must be carefully controlled 
in patients with CHF in whom there is evidence of de- 
creased renal function. 


PHARMACODYNAMICS OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITORS 

The pharmacokinetics of ACE inhibitors parallel 
their effects on hemodynamics and the renin-angiotensin 
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system, suggesting that the mechanism of action of 
these agents is through the reduction of angiotensin I- 
mediated vasoconstriction and inhibition of aldosterone 
secretion. Unlike other classes of cardiovascular drugs, 
the mechanism of action of ACE inhibitors does not 
permit a direct comparison between blood levels and drug 
effects. 

The hemodynamic effects of captopril in patients with 
CHF are similar to those in hypertensive patients.'* At 
peak effect, systemic vascular resistance and arterial 
pressure are significantly reduced. In contrast to patients 
with hypertension, however, in patients with CHF, mean 
pulmonary artery pressure, pulmonary-capillary wedge 
pressure and right atrial pressure are also reduced signifi- 
cantly after administration of captopril. Because of the 
dependence of cardiac output on afterload in CHF, the 
reduction in systemic vascular resistance is associated 
with a secondary increase in cardiac output. The effects 
on heart rate have been somewhat variable; in most stud- 
ies, heart rate remained unchanged, whereas other stud- 
ies have shown an overall reduction in heart rate in re- 
sponse to captopril. The mechanisms of this effect are 
unknown. 

The hemodynamic effects of enalapril and captopril in 
CHF patients are similar,'*-'4 the major difference being 
the prolonged time course of enalapril. The time to peak 
hemodynamic effect of enalapril, as manifested by reduc- 
tions in afterload and systemic vascular resistance and an 
increase in cardiac output, has ranged from 4 to 24 
hours,?-* and thus it has not been possible to determine the 
entire duration of action in clinical studies of patients 
with severe CHF. 

The effects of intravenous enalaprilat have been stud- 
ied in patients with CHF.!° Nine patients with severe 
CHF were given 0.625 or 1.25 mg of enalaprilat. After 
the first bolus injection, peak effect occurred at 30 min- 
utes and plasma renin activity increased from a baseline 
of 16.8 + 6 to 86.6 + 23 ng/ml - h, accompanied by a 
progressive decrease in circulating plasma aldosterone 
levels. Immediate hemodynamic changes were also noted, 
with a peak effect at 30 minutes. There were marked 
reductions in systemic vascular resistance, mean arterial 
pressure, right atrial pressure and pulmonary wedge pres- 
sure and significant increases in the cardiac index and 
stroke volume index. No cumulative hemodynamic or 
neurohormonal changes were noted after a second injec- 
tion of enalaprilat. Angiotensin II levels decreased from 
68 + 12 to 19 + 6 ng/ml after the first dose and remained 
low for 90 minutes. No further reductions in angiotensin 
II levels were found after the second injection of enalapri- 
lat was given. 

Clinical studies thus far demonstrate that lisinopril 
produces a favorable hemodynamic profile, similar to 
those noted after other ACE inhibitors.>?-!! As the lysine 
derivative of enalapril, it can be ingested in an active 
form. The pharmacodynamics of lisinopril in patients 
with CHF mirror the clinical and hemodynamic effects of 
enalaprilat, the active metabolite of enalapril. The longer 
duration of action of lisinopril results in clinical and he- 
modynamic differences that parallel the differences in 
their pharmacokinetics. 
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FIGURE 1. Age-related differences of glomerular filtration 
rate in normal subjects and patients with congestive heart fal- 
ure (CHF). Although each group demonstrates age-related de~ 
cline of glomerular filtration rate, the effect is most pro- 
nounced in patients with CHF, resulting in a difference be- 
tween the groups of p <0.03. Data from Cody et alë and Cocy 
et al. 


USE OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITORS IN CONGESTIVE HEAF:T 
FAILURE 

A review of the pharmacokinetic studies of all ACE 
inhibitors identifies twc factors that are germane to thzir 
use in CHF and he-ps to explain observations from clini- 
cal trials. First, aging significantly increases serum levels 
of ACE inhibitors. Since most patients with CHF are 
elderly, the agir.g effect on pharmacokinetics in healthy 
subjects should not be minimized. Despite the range of 
physiologic abnormalities produced by CHF, cross-sec- 
tional studies reveal an aging profile in CHF patients taat 
parallels that in healthy subjects.” Thus, the dose of 
ACE inhibitors for elderly (>65 years) CHF patients 
should be reduced. This aging effect is probably multitac- 
torial, but a major contributor is the reduction in renal 
function of elderly patients with CHF (Figure 1).67 Phar- 
macokinetic studies of ACE inhibitors repeatedly den-on- 
strate that severe chronic renal insufficiency is associeted 
with increased serum drug concentrations. Since all ACE 
inhibitors are primarily excreted by the kidneys, this in- 
crease of serum drug concentrations is not unexpected. 
From a pragmatic standpoint, it is not apparent whecher 
this relationship should be considered in choosing a Jose 
of an ACE inkibitor for the treatment of CHF patients. 
In general, the renal insufficiency of ambulatory CHF 
does not apprcach a level of severe chronic renal insuffi- 
ciency (creatinine clearance <20 ml/min). Nonetheless, 
many CHF patients, particularly elderly patients, show a 
creatinine clearance in the range of 40 to 70 ml/min,>’ so 
that particular attention to dose may be necessary ir this 
group. 
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The conclusicn to be drawn frem the results of these 
pharmacokinetic studies is that the pretreatment renal 
function should be considered when choosing the initial 
dose of an ACE inhibitor, particularly in elderly patients 
with heart failure. Since the introcuction of ACE inhibi- 
tors, observations in clinical trials have fostered a reduc- 
tion in ACE inhibitor doses. Far example, the initial 
efficacy studies of captopril were conducted with doses of 
50 to 100 mg every 8 hours.”:!2 In clinical practice, the 
dose likely to achieve a favorable effect is 12.5 to 25 mg 
every 8 hours. Similar observations have come from trials 
with enalapril. In initial studies,!? oral enalapril was ef- 
fective in a dose range of 2.5, 5 or 10 mg given twice daily. 
Additional studies sammarized e.sewhere!? were consis- 
tent with the initial observations. However, when larger 
doses of enalapril were given, clinically important abnor- 
malities were identified.!617 In zhe early stages of the 
CONSENSUS trial,'¢ unacceptable hypotension was ob- 
served with the maximal dosage of 20 mg twice daily (40 
mg/day). This 2rom-pted a reduction of the maximal dose 
to 20 mg/day. In fact, since most patients in this trial 
were elderly, it was subsequently shown that about 20% 
of patients had clinical improvement with a dose of 5 mg/ 
day. Administration of 20 mg of enalapril twice a day in 
patients with severe CHF and prerenal azotemia, who 
were receiving large fixed doses of diuretics, produced 
progressive renal insufficiency. These data suggest that 
an appropriate dose of enalapril is 2.5 to 10 mg given 
twice daily, witha reduction of dosage or dosage interval 
in the presence of renal insufficiency. The results of phar- 
macokinetic and clinical studies indicate that once-daily 
dosing may be warranted in older patients with impaired 
renal function or patients with co-existent hypertension. 
Since enalapril’s peak effect occurs 4 to 6 hours after 
dosing, it should perhaps be administered in the evening, 
so that its peak effect and blood pressure reduction occur 
during sleep. 

These considerations apply equally, and perhaps with 
greater emphasis, to lisinopril. However, guidelines for 
administration of lisinopril in patients with CHF cannot 


TABLE I Assessment of the Response to Angiotensin 
Converting Enzyme (ACE) Inhibiticn in Congestive Heart 
Failure 


Assessment of the initial resporse to an ACE inhibitor 
Measurement of blood pressure 
Reactive increase of plasma renin activity 
Symptomatic or clinical response 

Assessment o- the long-term resporse to an ACE inhibitor 
Measurement of blood pressure 
Symptomatic or clinical response 


Correction of metabolic abnormalities 
Normaliz2 serum sodium 
Reduce plasma catechola nines 

Suppression of renin systerr activity 
Reactive increase of plasma renin 
Suppression of ACE activity 
Suppression of plasma or urinary aldosterone 

Excessive ACE inhibitor dosage 

symptomatic hypotension 

Progressiv2 renal azotemia 

Low-output state or worsening symptoms 


be provided at this time, as this indication has not been 
approved by the Food and Drug Administration. 


COMPARISONS OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITORS 

The results of some clinical trials have prompted a few 
clinicians to claim fundamental differences between 
ACE inhibitors, but there is little convincing data to 
support these speculations. It is more likely that com- 
pounds that block the renin system at other sites (renin 
inhibitory peptides, angiotensin II antagonists)!2 would 
have effects that were fundamentally different from those 
of ACE inhibitors. This is emphasized by the fact that 
ACE is a carboxypeptidase with additional biochemical 
activities. In clinical trials, it is virtually impossible to 
control for all variables that may affect outcome in direct 
comparisons of ACE inhibitors, and it is even more diffi- 
cult to compare the results of 1 ACE inhibitor in 1 trial 
with the results of a second ACE inhibitor in another 
trial. There are major differences in the pharmacokinet- 
ics of ACE inhibitors. These include onset and duration 
of effect, the need for metabolic activation (enalapril), 
activity and accumulation of metabolites (captopril) and 
the potential for drug accumulation in the presence of 
renal failure (all ACE inhibitors to varying degrees). 


ANGIOTENSIN-CONVERTING ENZYME 
INHIBITOR DOSAGE GUIDELINES 

The outcomes of clinical trials suggest that the best 
pharmacodynamic measure of ACE inhibitors in CHF is 
the single patient bioassay. When therapy is initiated, 
particular attention to factors that influence clinical out- 
come, such as age, magnitude of blood pressure reduction 
and baseline renal status, will yield the test pharmacolog- 
ic results with ACE inhibition. Factors used to assess 
responses to ACE inhibition in patients with CHF are 
outlined in Table I. 
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DISCUSSION 
The Aging Effect 

Dr. Gray Francis (Minneapolis, Minnesota): Dr. 
Cody, your observation that the filtration fraction tended 
to decrease with age in patients with heart failure was 
very interesting. It could be that the mesangium contract- 
ed with a resultant change in the K; or surface area; that 
could also account for a reduction in the filtration frac- 
tion. My understanding is that the sympathetic nervous 
system does not have a primary action on the afferent 
arteriole, which is primarily under prostaglandin control. 
The decrease in filtration fraction may well be due to the 
effects of angiotensin JJ on mesangial contraction. 

Dr. Robert Cody (Columbus, Ohio): The point I want- 
ed to make was that the action of angiotensin-converting 
enzyme (ACE) inhibitors on efferent vasoconstriction is 
not the only process that is going on. To emphasize that 
point, I have always looked to the other side of the glo- 
merulus. The mesangium can contract, but to what ex- 
tent norepinephrine simultaneously influences afferent, 
efferent or mesangial vascular tone can only be estimated 
from a composite portrait of multiple lines of research. 
Norepinephrine seems to have a more ubiquitous effect 
on arteriole tone in the kidney than does angiotensin II. 

Participant: Dr. Cody, since plasma renin activity 
decreases with age, does this mean that the renin-angio- 
tensin system also becomes less important? 

Dr. Cody: More and more studies are showing that 
activity of the renin-angiotensin system decreases with 
age in normal subjects, which implies that it does become 
less important. But it is not known whether this decrease 
is relevant only to circulating levels. In examining all our 
data on the aging effect in heart failure, we found that 
catecholamine levels increase with age in patients with 
heart failure, just as they do in persons without heart 
failure, even though baseline levels are higher. The renin 
system activity did not show as much of an age-related 
decline in patients with heart failure as would have been 
expected. 

Dr. Jay Cohn (Minneapolis, Minnesota): I wonder 
whether a reduction of the renin system with age is a 
manifestation of the rise in blood pressure with age. Of 
course, heart failure provides another stimulus for the 
renin-angiotensin system that may counterbalance the 
effect of age. 

The slope of renal blood flow with age in healthy 
persons is exactly the slope we see in vascular compliance 


11D 


A SYMPOSIUM: ACE INHIBITION IN CONGESTIVE HEART FAILURE 


with aging. Vascular compliance seems to decrease with 
age at about the same rate that renal blood flow de- 
creases, which suggests that this may be a vascular aging 
phenomenon. Initially, the effect of heart failure on vas- 
cular compliance seems to be an active process, rather 
than an aging process. The 2 processes probably produc2 
rather similar changes, until aging eventually takes ovet. 

Dr. Karl Swedberg (Gothenburg, Sweden): I would 
also like to comment on the age factor. In the CONSEN- 
SUS trial, the mean age of the study participants was 7) 
years, which is probably why we had some initial prot- 
lems with the drug dosage. In the final analysis, we found 
that 20.4% of the patients in the enalapril group were 
treated with 5 mg or less a day. The study was not de- 
signed to determine the optimal dose, but it is importart 
to realize that we used a small dose in a larger number of 
patients. 

Dr. Cohn: The CONSENSUS population was so 
much older than any other group of heart failure patien:s 
enrolled in clinical trials that the results raise many quss- 
tions about what would happen in a younger population. 

Dr. Cody: Some fascinating aging changes have been 
found within the glomerular tuft. Glomeruli develop that 
have no mesangium; it is in essence a direct shunt te- 
tween the afferer.t and the efferent glomerular arterioles. 


Effect of Angiotensin-Converting Enzyme 
Inhibitors 

Dr. Alan Hirsch (Boston, Massachusetts): Dr. Cocy, 
you discussed several factors that can affect the efficazy 
of an ACE inhibitor; I would like to discuss 2 more. First, 
disease statzs have been shown to alter the pretreatment 
ACE activicy of target tissues, so a greater tissue concen- 
tration of tae drug may be required. Second, long-term 
ACE inhibition itself may modulate ACE levels, so that 
plasma ACE activity may double or triple with long-te-m 
treatment. 

You seemed io downplay the role of efferent arteric.ar 
constriction. I was also intrigued by the changes that you 
discussed regarding the filtration fraction decline with 
aging. Although the filtration fraction is a derived index, 
which obviously takes into account both intrarenal hemo- 
dynamic and glomerular parameters, efferent artericlar 
tone is probably still 2 most important contributor. 

Dr. Cody: I am not suggesting that the efferent artzri- 
ole has no role in controlling the filtration rate. Whet I 
am trying to emphasize is the fact that the other impor- 
tant vascular control sites within the kidney appear to 
have been neglected ir. congestive heart failure, in deer- 
ence to the role of efferent vasoconstriction. If you think 
of every slide ycu have ever seen about the kidney in heart 
failure or in hypertension and the effects of ACE inhbi- 
tors, they all show angiotensin II clamping the efferent 
arteriole, and that is the end of the story. It is not “hat 
simple. 

Dr. Cohn: In reactive hyperreninemia, the system is 
obviously being supprzssed, and there is a feedback lop. 
Dr. Cody, you nave used that as one of your guidepos:s to 
adequacy of ACE inhibition. Does that hyperreninemia 
persist? Ifit does not, why not? Are there implications for 
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the rise in angiotensin I levels that will clearly occur when 
conversion is innibited? 

Dr. Cody: Initially at least, reactive hyperreninemia 
was used primaczily in hypertensive patients as an assess- 
ment of response, particularly in renovascular hyperten- 
sion. Reactive hyperreninemia has been the basis for 
what Dr. Laragh and others have now popularized as the 
captopril test for renovascular hypertension. If there is 
evidence of renal artery stenosis, renovascular hyperten- 
sion is not identified primarily by the magnitude of blood 
pressure reduction in response to an ACE inhibitor, but 
by the magnitude of the renin increase. In a patient who 
has been taking an ACE inhibitor for 2 months, whose 
baseline renin level was 20 ng/ml/hr and is now 40 ng/ 
ml/hr, it can be presumed that he or she is probably 
taking the drug and it is still having a physiologic effect. 
At the other end of the spectrum, if a patient’s baseline 
renin level was 1 or 2 ng/ml/hr, and it is 2 or 3 ng/ml/hr 
2 months later, that might be evidence that the renin 
system in that particular patient is less important in dis- 
ease pathogenesis for that patient. 

I have often wondered what happens when an ACE 
inhibitor is suddenly withdrawr and the high levels of 
angiotensin I remain. What probably heppens is that the 
combination of delay and buildup of ACE levels and the 
spontaneous decay of angiotensin I with circulating pepti- 
dases has no major effect. It can be hypothesized that 
soon after abruptly stopping an ACE inhibitor, there may 
be a front-loading of angiotensin II, at least briefly. Once 
all the other factors, such as gradual decay of the drug 
level and breakdown of angiotensin I, are factored in, I 
suspect that the effect is probably not physiologically 
significant. 

Participant: Dr. Cody, you are arguing for low doses 
of ACE inhibitors based on their pharmacokinetics. I 
know of no studies thet compare various doses in terms of 
clinical efficacy. 

Dr. Cody: It has always been difficult to draw firm 
conclusions regarding dose-response relationships with 
ACE inhibitors. That is why orly a relatively small pro- 
portion of physicians use these drugs. Having observed 
how physicians at many institu-ions use ACE inhibitors, 
there is uncertainty about the choice of initial dose 
strength. A certain dose is given, blood pressure de- 
creases, and then physicians tend to back off, because the 
effect is too great. Or a small dese is given and no effect is 
seen, and it is concluded that the ACE inhibitor is not 
effective in this patient. There is considerable confusion 
regarding an appropriate initia] dose and the criteria for 
increasing or decreasing the dose. 

Dr. Cohn: With all of our expertise, we cannot advise 
physicians what to do. At the moment, it is impossible to 
determine the appropriate dose. In the original captopril 
study, which is probably still the most dramatic demon- 
stration of efficacy in any clinical trial in heart failure, the 
dose was 300) mg of captopril per day. I always advise 
physicians tc empirically increase the dose if the patient 
is not doing well, because I arı not sure that the results 
of the original study can be replicated with a low 
dose. 


Participant: More material is probably available in 
the data bases of the pharmaceutical industry than in the 
literature with respect to the pharmacokinetics and phar- 
macodynamics of ACE inhibitors. It is a complicated 
situation because these drugs bind to a widely distributed 
enzyme and, in some cases, also bind to other circulating 
plasma proteins. Therefore, it may be difficult to ccrre- 
late plasma levels with activity. The general data suggest 
that at low doses, a substantial degree of ACE inhibition 
may occur. The manner in which the latter translates to 
hemodynamic effect and clinical benefit is still unre- 
solved. 

Dr. Hirsch: There are scant published data available 
that discuss the hemodynamic effects of altering plasma 
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ACE activity. We have recently closely investigated the 
relationship between the magnitude of plasma ACE inhi- 
bition and the associated hemodynamic responses to vari- 
ous ACE inhibitors and have found different threshold 
effects. A very flat hemodynamic dose response is often 
apparent; a small dose will decrease blood pressure, but 
increasing the dose further may not make it any lower 
since other hormonal systems maintain homeostasis. 
Overall, plasma ACE activity and the hemodynamic ef- 
fect can clearly be dissociated during long-term treat- 
ment. Thus, if suppression of tissue ACE activity medi- 
ates important end-organ effects, the blood pressure 
dose-response may be an unreliable surrogate end 
point. 
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Renal Effects of Angiotensin-Converting Enzyme 
Inhibition in Congestive Heart Failure 


Stephen S. Gottlieb, MD, 





Some studies report that inhibition of angiotensin- 
converting enzyme (ACE) improves renal function 
in patients with congestive heart failure, whereas 
others report that renal deterioration is a frequent 
complication of treatment with ACE inhibitors. This 
article explores the mechanisms by which antago- 
nism of the renin-angiotensin systemi i improves kid- 
ney function in some patients while causing harm im 
others. ACE inhibition may alter renal blood flow, 
glomerular perfusion pressure, basement mem- 
brane activly and renal tubular function both di- 
rectly and indirectly. In mest patients, renal func- 
tion is maintained as other neurohorrmonal mecha- 
nisms compensate for the negative effects and 
permit the positive effects (such as improved renal. 
flow) to predominate. However, when physiologic 
characteristics or iatrogenic interventions (such as 
volume reduction or prostaglandin inhibition) limit 
the effectiveness of neurohormonal compensation 
to maintain renal autoregulation, clinically impor- 
tant deterioration in renal function may occur. An 
understanding of the renal effects of ACE inhibitors 
permits their safe and effective use in most patiens 
with congestive hear? failure. 

(Am J Cardiol 1990;66:14D-21D) 
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tensin-converting enzyme (ACE) improves renal 
function in patients with congestive heart failure, 
whereas othérs*~€ report that renal deterioration is a fre- 
quent complication of treatment with ACE inhibitors. 
Results of studies of these agents in animal models of 
heart failure have demonstratec similar variability.” 
This article explores the mechanisms by which antago- 
nism of the renin-angiotensin system improves kidney 
function in some patients while causing harm in others. 


S ome investigators!-3 report that inhibition of angio- 


GENERAL EFFECTS OF NEUROHORMONAL 
ACTIVATION 

_ Classically, the E E wera axis is 
an endocrine system, the elements of which are secreted 
by different orgen systems. Renin is secreted by the kid- 
ney in response to a variety of stimuli (usually hypoperfu- 
sion), the renin substrate angiotensinogen is produced by 
the liver and ACE is derived primarily from the capillary 
endothelium. Renin stimulates the conversion of the pro- 
peptide angioterisinogen to angiatensin I, which is subse- 
quently converted to the most active moiety, angiotensin 
II, by ACE. Once formed within the circulation, angio- 
tensin H activates its target structures: vascular beds, 
kidneys, heart, adrenal cortex and noradrenergic nerve 
endings. The prima-y purpose of the biochemical cascade 
is to respond to states of poor perfusion and counteract 
hypotension by stimulating peripheral vasoconstriction, 
norepinephrine release, aldosterone formation and sodi- 
um reabsorption in the kidney. Moreover, recent bio- 
chemical evidence’ suggests that there may be local re- 
nin-angiotensin-aldosterone syst2ms within numerous tis- 
sues, such as the heart, kidney, adrenal gland, systemic 
vasculature anc. brain, which mey be involved in the local 
control of vascular perfusion. 

The endogenous neurohormonal systems attempt to 
compensate for the inability of the failing heart to-‘meet 
tissue perfusion requirements. In addition to the renin- 
angiotensin-aldosterone axis, catecholamines, arginine 
vasopressin, prostaglandins and atrial natriuretic peptide 
are all stimulated in severe heart failure. !° This neurohor- 
monal activation can have beneficial consequences. For 
example, the maintenance of arterial blood pressure, vas- 
cular volume, inotropic stimuletion and improved blood 
flow at selected organs may be desirable. However, vaso- 
constriction and fluid retention may result in increased 
ventricular filing pressures, cecreased cardiac output 
and frequent ventricular arrhy-hmia. Pharmacologic in- 
hibition of neurotormonal activation provides a physio- 
logic approach to the prevention of harmful conse- 
quences. With: respect to the zenin-angiotensin-aldoste- 


ACE INHIBITORS 


FIGURE 1. The interrelation of the 
renin-angiotensin system and other 
neurohormonal systems as it relates 
to renal function. Continuous ar- 
rows indicate stimulation or in- 
creases, and dashed arrows indi- 
cate inhibition or decreases. Black 
boxes highlight the net effect on the 
kidney. ACE = angiotensin-convert- 
ing enzyme; ANP = atrial natriuretic 
peptide; AVP = arginine vasopres- 
sin. 








rone axis, ACE inhibition has been shown to increase 
survival,'! improve symptoms,!? and decrease arrhyth- 
miai? in patients with congestive heart failure. 


RENAL EFFECTS OF NEVUROHORMONAL 
ACTIVATION 

The interaction of the multiple neurohormonal sys- 
tems in the kidney is complex; elevated neurohormonal 
levels cause both beneficial and detrimental effects. The 
vasoconstrictor effects of catecholamines decrease renal 
perfusion by both endocrine and neural actions.'*!> Argi- 
nine vasopressin is also a vasoconstrictor and leads to 
fluid retention, but systemic increases in arginine vaso- 
pressin levels may actually improve renal plasma flow, 
perhaps by a local effect (at the renal vasculature) on 
prostaglandins.'® Prostaglandins, which are produced in 
response to hypoperfusion and other stimuli, exert impor- 
tant vasodilatory effects that help to maintain renal per- 
fusion; inhibition of prostaglandin production decreases 
renal blood flow in patients with decreased effective arte- 
rial blood volume.!? In contrast, elevated levels of atrial 
natriuretic peptide appear to have little functional signifi- 
cance, probably because of receptor down-regulation; 
they merely reflect the severity of disease.!® Of all the 
neurohormonal systems, however, the renin-angiotensin- 
aldosterone system appears to play the pivotal role in 
determining the renal response to hypoperfusion; it has 
wide-ranging actions on many kidney components both 
directly and by interaction with other neurohormonal 
mediators (Figure 1). 

Inhibition of the renin-angiotensin-aldosterone axis 
may increase or decrease glomerular filtration. When 
renal perfusion is not dependent on neurohormonal acti- 
vation, ACE inhibition may lead to enhanced kidney 
function. However, when physiologic characteristics or 
iatrogenic interventions (such as volume reduction or 
prostaglandin inhibition) limit the effectiveness of neuro- 
hormonal compensation to maintain renal autoregula- 
tion, clinically important deterioration in renal function 
may occur with ACE inhibition. An improved under- 
standing of the interrelation of the renin-angiotensin-al- 
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dosterone axis and the renal and neurohormonal compen- 
satory systems in patients with heart failure should mini- 
mize the risk of functional renal insufficiency associated 
with ACE inhibition. 


EFFECTS OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITION ON RENAL PERFUSION 
Renal blood flow is the chief determinant of kidney 
function in patients with severe congestive heart failure 
(Figure 2),!? and the renin-angiotensin system is anim- 
portant determinant of renal blood flow. The principal 
contributor to renal vascular resistance is probably the 
direct vasoconstriction of the large renal arteries by an- 
giotensin II.22’ Exogenous angiotensin markedly de- 
creases renal flow when administered systemically, but 
not when given intrarenally.*! Nevertheless, other renal 
actions of angiotensin II contribute to increased renal 


GFR (ml/min/1.73 m?) 


900 


300 500 700 


RBF (ml/min/1.73 m?) 
FIGURE 2. The relationship between renal blood flow (RBF) 
and glomerular filtration rate (GFR) in patients with conges- 


tive heart failure not treated with angiotensin-converting en- 
zyme inhibitors. (Adapted from Cody et al.19) 
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vascular resistance in patients with heart failure. Angio- 
tensin H may cause both afferent and efferent arteriolar 
vasoconstriction (with the preponderant effect on the ef- 
ferent arteriole), and may thereby increase renal vascular 
resistance and decrease renal blood flow.?2 Indirect ac- 
tions of angiotensin IT include potentiation of the. vaso- 
constrictor effects of catecholamines, stimulation of aldo- 
sterone production and enhanced thirst. The sympathetic 
nervous system, like the renin-angiotensin-aldosterone 
axis, is stimulated in patients with heart failure, and an- 
giotensin II can amplify consequent vasoconstrictive re- 
sponses. The interrelation of angiotensin II and the sym- 
pathetic nervous system is even more complex; neural 
stimulation may be mediated by local release of angioter- 
sin II.” Increased intake of fluid as a result of the dipsc- 
genic effect of argiotensin ÍI, coupled with the salt-re- 
taining effects of aldosterone, may increase the effective 
arterial blood volume for the kidney by maintaining vo.- 
ume and blood pressure. 

Angiotensin Ii also has a countervailing vasodilatory 
effect that limits its vasoconstrictive effects in the kidney 
by direct stimulation of the vasodilatory prostaglan- 
dins.2425 However, the net effects of ACE inhibition cn 
renal prostaglancin production are not obvious. The de- 
creased renal perfusion expected from inhibition of the 
angiotensin Il-stimulated prostaglandin release may be 
mitigated by the direct prostaglandin stimulation that 
occurs with some ACE inhibitors, notably captopril.?°7’ 
In one study of patients with heart failure,”® the adminis- 
tration of captopril increased, not decreased, plasma 
prostaglandin E> metabolite levels. In addition, ACE in- 
hibitors are thought to decrease vascular resistanze 
through a reduction in the breakdown. of vasodilatary 
kinins, since the degradative pathway of bradykinin uses 
the same ACE that is required for the formation of ang-o- 
tensin II. 

Because systemic increases in arginine vasopressin 
levels may improve renal plasma flow, and angiotensin II 
may directly stimulate the production of this neurohor- 
mone,*° ACE inhibitors could theoretically reduce bicod 
flow to the kidneys in patients with elevated plasma arzi- 
nine vasopressin levels. However, the effects of angioten- 
sin II on the secretion of arginine vasopressin are disput- 
ed; 1 study found no effect.?! The decrease in argin_ne 
vasopressin often seen with ACE inhibition may be an 
indirect effect of the improvement in the severity of heart 
failure.?? 


Despite the complex regulation of renal blood fice it 


is clear that the net result of ACE inhibition is to limit 
renal vasoconstriction and improve renal perfusion. First, 
the direct effects of angiotensin II on the renal arte-ies 
and arterioles are blocked. Second, the amplificatior. of 
the vasoconstrictor effects of catecholamines is blocked. 
Third, adminis-ration of ACE inhibitors results, either 
directly or indirectly, in less catecholamine activation and 
lower systemic norepinephrine levels.4 Fourth, tkese 
drugs may prevent neural-induced angiotensin release 
and arteriolar vasoconstriction. Fifth, ACE inhibitors in- 
crease the formation of vasodilatory prostaglandins and 
decrease the degradation of vasodilatory kinins. Ind2ed, 
most studies of the renal effects of ACE inhibitors in 
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heart failure show improvement or preservation of renal 
blood flow.'~4 To the extent that the glomerular filtration 
rate is determined by renal blooc flow in patients with 
heart failure, it will improve with ACE inhibition. 


EFFECTS OF ANGIOTENSIN-CONVERTING 
ENZYME ON GLOMERULAR 


HEMODYNAMI cS 


The decreased blood pressure often seen after admin- 
istration of ACE inhibitors to patients with heart failure 
rarely lowers renal blood flow, brt it may have a signifi- 
cant effect on glomerular hemcdynamics. Glomerular 
perfusion pressure is tightly controlled by several autore- 
gulatory mecharisms in order to maintain optimal renal 
function. However, autoregulaticn becomes increasingly 
difficult as mean erterial pressure progressively decreases 
below 80 mm Hz. and may result in decreased glomeru- 


lar filtration, renal-blood flow and sodium excretion.23 


Nevertheless, glomerular filtration is not totally. depen- 
dent on renal artery (systemic) pressure in patients with 
congestive ‘heart failure. No correlation between blood. 
pressure and renal blood flow*4 or glomerular filtration 
rate!? has been observed in these patients, and vasodila- 


‘tors (such as hydralazine and nitroprusside) may de- 


crease the pressu-e to very low levels without decreasing 
glomerular filtracian rate or reral blood flow.*° 
Animal studies suggest that renal dysfunction is found 
only when hypo-ension is com>ined with the efferent 
arteriolar vasodilation of ACE inhibition. At low mean 
arterial pressures, angiotensin II is a major autoregu- 
latory hormone essential for maintaining glomerular - 
perfusion pressure. The kidney is able to autoregulate 
glomerular filtration above a mean arterial pressure of 
approximately 8) mm Hg without the aid of the renin- 
angiotensin system, but at lowe- blood pressures plasma 
renin activity increases.*° In these experimental models, 


. the vasoconstrictor action of angiotensin IJ at the efferent 


arteriole was responsible for the observed maintenance or 


increase in glorrerular perfusion pressure and preserva- 


tion of renal function.’ Thus, under experimental cir- 
cumstances of poor renal perfusion, renal autoregulation 
depends on an activated renin-angiotensin-aldosterone 
system, and the administration of an ACE inhibitor will 
decrease glomerular filtration even as renal plasma flow 
increases.33.38 

Unlike experimental studies, clinical investigations 


‘evaluating the e-fects of ACE inhibition on renal function 


do not consistertly support the hypothesis that hypoten- 
sion must be combined with efferent vasodilation in order 
for kidney function to deteriorate. In some studies,??” 
patients who experienced renal deterioration with ACE 
inhibitors were hypotensive, tut others*! have demon- 
strated decreased creatinine and para-aminohippuric 
acid (PAH) clearance in patients with mean blood pres- 
sures above 80 mm Hg. Conversely, improvement in re- 
nal function has been noted with a decrease in mean 
arterial pressure to as low as 67 mm Hg.! Nevertheless, 
the glomerular hemodynamic effects of ACE inhibition 
exert important adverse effects on the kidney. Both sys- 
temic hypotersion and efferent vasodilation decrease glo- 
merular perfusion pressure and may limit renal function. 


EFFECTS OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITION ON THE GLOMERULAR 
BASEMENT MEMBRANE 

Recent studies indicate that, in addition to affecting 
both renal blood flow and glomerular perfusion pressure, 
angiotensin II can alter the intrinsic properties of the 
glomerular membrane. Angiotensin II decreases both the 
glomerular capillary filtering surface area (by stimulat- 
ing mesangial cell contractility)*? and the ultrafiltration 
coefficient. Antagonism of the renin-angiotensin-aldoste- 
rone system not only prevents these effects of high circu- 
lating levels of angiotensin II on the glomerular mem- 
brane, but also prevents the decreased ultrafiltration co- 
efficient induced by parathyroid hormone, dibutyryl 
cyclic-adenosine monophosphate, and other neuroendo- 
crine factors.*? The antiproteinuric effect of ACE inhibi- 
tion is related to a change in glomerular permselectivity 
to proteins, a change that may be caused either by glo- 
merular hemodynamic alterations or intrinsic changes of 
the glomerular basement membrane. Thus, permselecti- 
vity is often improved by lowering the glomerular perfu- 
sion pressure,“ but ACE inhibition can also improve 
permselectivity without changing blood pressure, the glo- 
merular filtration rate or renal vascular resistance.*> 

The decrease in glomerular perfusion pressure with 
ACE inhibitors is usually considered an adverse conse- 
quence of their use, but it may be beneficial in certain 
circumstances. Since increased perfusion pressure may 
cause glomerular sclerosis and progressive renal failure, 
the chronic decrease in glomerular pressure caused by 
proximal (renal artery) and distal (efferent arteriole) va- 
sodilation may slow the progression of renal dysfunction 
in hypertensive and diabetic patients.464” ACE inhibition 
may therefore exert an important beneficial effect at the 
glomerular basement membrane by 2 mechanisms, im- 
proving the glomerular ultrafiltration coefficient and pre- 
venting progressive glomerular sclerosis. 


EFFECTS OF ANGIOTENSIN-CONVERTING 
ENZYME INHIBITION ON RENAL TUBULAR 
FUNCTION 

In addition to the stimulation of aldosterone produc- 
tion and consequent sodium retention, angiotensin IJ may 
exert a direct effect on renal tubular function. This con- 
cept was originally proposed because elevated distal tu- 
bule intracellular sodium concentrations were noted after 
infusions of angiotensin II.*8 This observation may be the 
result of a direct tubular effect of angiotensin II or it may 
be related to an alteration in intrarenal hemodynamics 
caused by angiotensin II. Supporting the latter concept is 
the finding that angiotensin IT induces greater vasocon- 
striction in the renal papilla than in the cortex, actions 
that might preserve medullary hypertonicity and lead toa 
diminished natriuretic response.” 

Support for a direct tubular effect comes from studies 
showing that angiotensin II stimulates sodium transport 
in isolated rabbit proximal tubules,°° and that inhibition 
of the renin-angiotensin system depresses tubular trans- 
port.>! In addition, angiotensin II binding sites are found 
in the tubules.°? If these tubular effects are important, 
ACE inhibition may lead to increased diuresis and natri- 
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uresis by direct impairment of tubular sodium reabsorp- 
tion. Similarly, it was recently reported that captopril 
improves the hemodynamic and renal response to atrial 
natriuretic peptide.-* Whether this is a direct effect or 
related to the improved cardiac function after ACE inhi- 
bition remains conjectural. Nevertheless, the natriuretic 
and diuretic effects noted with combined use of ACE 
inhibitors and furosemide?’ can assist in controlling the 
deranged sodium and water metabolism often seen in 


‘patients with congestive heart failure. 


DETERMINANTS OF THE NET EFFECT OF 
ANGIOTENSIN-CONVERTING ENZYME 
INHIBITION ON RENAL FUNCTION 

The kidney is able to preserve its function in the face 
of poor perfusion because of the numerous compensatory 
neuroendocrine, paracrine and autocrine systems that 
regulate glomerular filtration. Prostaglandins, the renin- 
angiotensin system, atrial natriuretic peptide, arginine 
vasopressin and catecholamines all have a part in main- 
taining renal function. As previously discussed, ACE in- 
hibitors interact with these systems in diverse ways, with 
both beneficial and deleterious effects on renal function. 
When compensatory neurohormonal mechanisms cannot 
maintain effective arterial blood volume to the kidney 
without angiotensin H, the administration of ACE inhibi- 
tor causes functional renal insufficiency. For example, 25 
mg of captopril decreases glomerular filtration acutely, 
but after long-term treatment and time for these compen- 
satory systems to improve circulatory hemodynamics, no 
change in renal function is noted with the same dose.56 
Maximal neurohormonal activation before treatment 
with ACE inhibitors (with consequent inability to provide 
further compensation) is probably the predominant cause 
of renal dysfunction with these agents in patients with 
heart failure who exhibit decreased renal function. 

Identification of patients with renal function depen- 
dent on activation of multiple neurohormonal systems 
should indicate those with the greatest risk of functional 
renal insufficiency with ACE inhibition. Intravascular 
salt depletion may be the best marker of these high-risk 
patients. With salt depletion, kinins,°’ prostaglandins,'® 
catecholamines,>® arginine vasopressin!® and the renin- 
angiotensin-aldosterone axis’ are all stimulated. If the 
salt (and consequently volume) depletion is great enough, 
renal function becomes dependent on all of these systems 
and further compensatory activity is unlikely. Thus, au- 
toregulation does not occur at low blood pressures in salt- 
deprived animals given ACE inhibitors, whereas at the 
same arterial pressures in sodium-replete animals (which 
presumably do not experience the same extensive neuro- 
hormonal activation), autoregulation remains effective. 
A similar pattern is observed when an inhibitor of vasodi- 
latory prostaglandins is administered to a salt- or volume- 
depleted human. Aspirin decreases inulin and PAH 
clearance in salt-depleted persons, but not in sodium- 
replete persons who do not require the multiple compen- 
satory neurohormones for preservation of renal perfu- 
sion.!7.6! 

Most clinical studies of patients with heart failure 
reveal the same pattern; the patients who experience re- 
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FIGURE 3. The effects on renal blood flow (RBF) and glomer- 
ular filtration rate (GFR) of a single dose of furosemide, before 
and during long-term angiotensin-converting enzyme (ACE) in- 
hibition with enalapril. GFR decreased only when furosemice 
was combined with AGE inhibition. (Adapted from Cleland et 
al.40) 


nal deterioration show evidence of greater neurohormon- 
al activation. often because of salt depletion. Thus, dis- 


pensing constant doses of diuretics regardless of clinical’ 


condition predisposes a patient to renal deterioration with 
ACE inhibition.4-6 Similarly, enalapril decreased the glo- 
merular filtration rate in’ one study“? only when furose- 
mide was given immediately before enalapril adminis«ra- 
tion, which also increased plasma renin activity and nor- 
epinephrine, arginine vasopressin, aldosterone. and 
angiotensin II levels; enalapril did not adversely affect 


renal function when given without furosemide (Figure 3). 


Other studies!~3.62 have demonstrated that when diuretics 


are withheld or adjusted carefully, renal function i is main- | 


tained. 

Minimal neurchormonal reserve for the maintenance 
of renal perfusion may also explain the reports of specific 
predictors of renal deterioration in patients with heart 
failure given ACE inhibitors: For example, the high risk 
of renal dysfunction with ACE inhibitors in patients with 
hyponatremia® may be explained by their already maxi- 
mally stimulated compensatory mechanisms and their 
inability to activate neurohormones further to maintain 
renal perfusion. Hyponatremia may be caused by elevat- 
ed levels of arginine vasopressin, but these patients also 
have intensely stimulated renin-angiotensin-aldosterone, 
catecholamine and prostaglandin systems. In zon- 
trast, the deterioration in renal function noted in diabetic 


patients with heart failure given ACE inhibitors can be . 
attributed to impzired neurohormonal capabilities.’ De- - 


creased renin, aldosterone and norepinephrine respcnses 
to stress have. been noted in diabetic patients.® If a pa- 
tient is unable to increase renal perfusion by activeting 
compensatory mechanisms, the risk of renal dysfunction 
with ACE inhibition increases. ` 


CLINICAL RELEVANCE 

There are many mechanisms by which ACE inhibi- 
tors cause renal dysfunction, but clinical studies®5:70 
demonstrate that increasing sodium intake and deczeas- 
ing diuretic deses reverse most renal problems caused by 
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these agents. This approach is consistent with the in- 
creased risk of “unctional renal deterioration noted in 
salt-depleted animals given ACE inhibitors; these drugs 
worsen renal function in sodium-deplete but not sodium- 
replete dogs.” 32fore discounting the use of ACE inhibi- 
tors in a patient who develops azotemia with ACE inhibi- 
tion, the patient’s intravascular fluid status should be 
carefully adjusted so.as to maximize effective arterial 
blood volume tc the kidneys. Similarly, short-term ad- 
ministration of ACE inhibitors at the time of massive and 
quick diuresis may be dangerots and should be avoided. 
After the patient with heart fa-lure becomes euvolemic, 
however, the long-term administration of these agents 
should result in clinical improvement. 

The initial response of many physicians to renal dys- 
function induced by an ACE irhibitor is to decrease the 


‘dose of the drvg, a step that has less support in the 


literature than edjusting the scdium and volume status. 
While both lowering the dose ard decreasing the duration 
of action of ACE inhibition have been reported to reverse 
renal impairmeat caused by these drugs, the relation 
between efficacy and both dose and duration of action has 
not been well cefined. Different organs show different 
response curves ta ACE inhibitors,’ but whether renal 
dysfunction can be minimized without decreasing the 
clinical response to these agents is unknown. Therefore, 


. decreasing the dose of ACE inhibitors should probably be 


reserved for patieats whose renal dysfunction cannot be 
reversed by adjustment of the sodium and volume status. 

Renal dysfunction before administration of ACE in- 
hibitors does not increase the lixelihood that renal deteri- 
oration will occur. Creatinine clearance in patients who 
will experience worsening kidney function with ACE in- 
hibitors is not lower than in patients who demonstrate no 
change or imp-oved renal function.® Similarly, studies 


that show improvement in renal function with ACE in- 


hibitors have rct found that a poor baseline renal function 
is prognostic of a poor outcome; in fact, one study”? found 
greater improvement in renal function in patients with a 
lower initial mean inulin clearance. Although it is reason- 
able to monitor the degree of azctemia of patients with 
poor baseline renal function (any deterioration may 
quickly result im significant impairment), ACE inhibitors 
should not be withheld from patients simply because of an 
elevated seru-r. creatinine level. However, an elevated 
ratio of bloaé urea nitrogen to serum creatinine might 
reflect intravascular salt depletion and signal the need for 
careful salt and volume adjustment. 

Extreme cation is indicated with the use of nonsteroi- 
dal anti-inflammatory agents in patients with heart fail- 


ure. These agents, which are frequently prescribed in 
. such patients because of concomitant gout, other arthritic 


disease and general illnesses, may prevent the vasodila- 
tory actions ol F prostaglandins. This not only may result in 
deterioration o7 the heart failure, with a decreased cardi- 
ac index and increased pulmonary-capillary wedge pres- 
sure, but also may cause renal impairment in patients 
who depend on the renal vasodilatory effects of prosta- 
glandins.’4 Wken nonsteroidal anti-inflammatory agents 
are used in combination with ACE inhibitors, the impair- 


ment of prcstaglandin’s renal vasodilatory effects could 
be particularly dangerous. 


CONCLUSION 

The kidney is remarkably capable of preserving its 
perfusion and function in the face of diverse insults. The 
interaction cf multiple neurohormonal systems (involving 
the action cf angiotensin, aldosterone, catecholamines, 
prostaglandins, kinins, arginine vasopressin and atrial na- 
triuretic peptide) preserves homeostasis under all but the 
most severe challenges; even with advanced congestive 
heart failure, end-stage renal disease is rare. The renal 
dysfunction observed in patients with heart failure after 
ACE inhibition is typically secondary to iatrogenic inter- 
ference with the many physiologic mechanisms designed 
to preserve renal function. By adjusting treatment with 
consideration as to the volume and neurohormonal status 
of the patient, deterioration in renal function can be 
avoided and optimal treatment for congestive heart fail- 
ure administered. 
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DISCUSSION 

Dr. Gary Francis (Minneapolis, Minnesota): With re- 
gard to the systemic circulation in heart failure, the pri- 
mary goal of the bcdy is to maintain the blood pressure, 
aven at the expense of diminished cardiac performance. 
As patients become more ill with congestive heart failure 
(CHF), it seems taat angiotensir II acts primarily to 
maintain the hydzzuhc pressure within the glomerulus, 
which maintains filtration. What happens to patients who 
are marginally pezfused is that they depend on angioten- 
sin II to maintain that hydraulic pressure via efferent 
constriction. When angiotensin II is blocked, the patients 
can no longer filter adequately, and they develop tempo- 
rary renal dysfunction, which seems to be reversible once 
volume is repletec. I do not think tnat is inconsistent with 
what you reported, Dr. Gottlieb, but it is not the same as 
saying that the pat:ents are unable to mount other neuro- 
hormonal responses. n 

Dr. Stephen Gottiieb (Baltimore, Maryland): I agree 
that these patients are often dependent on angiotensin II 
for their renal function. The question is, why? Does an- 
giotensin II determine renal function, or are these pa- 
tients dependent cn many neurohormonal systems, and 
inhibition of any cf them may be detrimental? Either of 
these hypotheses may be correct, but I came to the con- 
clusion that patien:s with CHF are dependent on multiple 


neurohormones because of their response to nonsteroidal 


anti-inflammatory drugs; renal shutdown is not uncom- 
mon when these agents are given to patients with CHF. 
You may be able to inhibit 1 system, but rarely can you 
inhibit all neurohcrrional systems in patients with severe 


CHF. 


Dr. Jay Cohn (Minneapolis, Minnesota): Do you think 
that the system is activated to maintain the kidney, or is 
the kidney just an innocent bystander in the maintenance 
of blood pressure? In the study o? CHF that we reported 


‘in 1981 (Brit Heart J 1981;46:522-527), the systemic 


blood pressure response to captopril was the primary de- 
terminant of renal function. That supports your state- 
ments: that the hydraulic pressure perfusing the kidney is 
the major issue, independent of what is happening intra- 
renally to the mesangium and the efferent arteriole. 

Dr. Gottlieb: I think that the multiple actions of angio- 
tensin JI generally protect renal function. Blood pressure 
alone does not Getermine renal function. Although renal 
dysfunction ofter. cccurs with low blood pressure, there 
are many exceptions to this in the literature and in clinical 
practice. It is nct just the perfusion pressure or blood 
pressure that determines renal function. 

Dr. Robert Cody (Columbus, Ohio): Dr. Gottlieb, 
where does the atrial natriuretic factor (ANF) fit in your 
scheme? 

Dr. Gottliebs Although we showed that high levels of 
ANF were assoc.ated with mortality, I believe that ANF 
is physiologically insignificant in heart failure. The long- 
term elevations of plasma levels probably lead to toler- 
ance and decreased renal effects. 


Hyponatremia and Angiotemsion-Converting - 
Enzyme Inhibition 
Dr. Karl Swedberg (Gothenburg, Sweden): It has 


been reported that in diabetic patients with low serum 
sodium levels the combination of diuretics and a long- 
acting angiotensin-converting enzyme (ACE) inhibitor, 
such as enalapril, always leads to renal dysfunction. How- 
ever, in the analysis of the CONSENSUS trial, there was 
no difference in the incidence of renal dysfunction be- 
tween the diabetic patients with low serum sodium levels 
treated with enalapril and diuretics and the placebo 
group. 

When we looked into what happened between base- 
line and week 2 of treatment, we found that serum creati- 
nine levels increased and then remained stable. The in- 
crease was not dependent on baseline creatinine. It oc- 
curred in patients with low and with high creatinine 
levels; it was not possible to tell from the baseline creati- 
nine in which patients it would increase. A 10, 15, or 20% 
increase in creatinine should be accepted, because it 
shows that you have actually blocked the system. 

Dr. Cohn: Should we be concerned about an increase 
in serum creatinine? Is a serum creatinine level of 2.5 
mg/dl a problem? 

Dr. Gottlieb: We do not worry about an increase in 
creatinine. If the patient is continuing to urinate, is not 
retaining fluid, and has no clinical renal failure, treat- 
ment can be continued. If a problem develops, it should be 
reversible w:th adjustment of medications. I would say, 
however, that we are probably much more tolerant of 
renal dysfunction than what has been generaily accepted 
in the community. 

Dr. Cohn: Let us return to the hyponatremia question. 
On the one hand, we are constantly warning physicians 
that a hyponatremic patient is probably hyperreninemic, 
which will have a profound effect on the initiation of 
treatment with an ACE inhibitor. Dr. Gottlieb suggested 
that hyponatremia is a marker for a patient who is going 
to have trouble with an ACE inhibitor. On the other 
hand, the hyponatremic patient is a high-renin patient 
whom you would expect to benefit from an ACE inhibi- 
tor. Should we be aggressively treating hyponatremic 
patients with ACE inhibitors? 

Dr. Gottlieb: Both of your points are true. These pa- 
tients are at high risk, but they also have the most to gain. 
Fortunately, problems that develop with an ACE inhibi- 
tor are almost always reversible with discontinuation of 
the drug. Starting high-risk patients on low doses of ACE 
inhibitors should minimize the risk of these agents. The 
dose can be gradually increased with careful attention to 
the patient’s fluid status. If we can treat these high-risk 
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patients with ACE inhibitors, which is usually possible, 
the benefit may be enormous. 

Dr. Cohn: You believe that they should definitely be 
treated with an ACE inhibitor. 

Dr. Gottlieb: The adverse renal effects of ACE inhibi- 
tion are generally related to hemodynamic factors. I think 
that most of the concern about hemodynamic deteriora- 
tion is a result of the common practice of starting ACE 
inhibitors at the same time as massive diuresis. These 
patients often have significant adverse experiences. ACE 
inhibitors are long-term agents and should be started 
after the patient is euvolemic. 

Dr. Cody: It is not sufficient to consider what an ACE 
inhibitor is doing of itself; it is important to consider the 
effects of an ACE inhibitor under varying salt conditions. 
If you are treating a patient with a large dose of a diuretic, 
his or her baseline blood urea nitrogen (BUN) or creati- 
nine levels will be higher. With addition of an ACE inhib- 
itor, the BUN and creatinine levels can be lowered in 
most cases by decreasing the diuretic dose, without 
changing the ACE inhibitor. When the response to an 
ACE inhibitor was studied under conditions of differing 
sodium intake, but at the same dose of an ACE inhibitor, 
one could predict that the glomerular filtration rate and 
renal blood flow would vary according to whether the 
patient was receiving diuretics, and probably hyponatre- 
mic versus relatively normal sodium intake. This has been 
demonstrated in sodium balance studies conducted in 
patients with heart failure treated with ACE inhibitors. 

Dr. Gottlieb: I agree. In clinical practice, the best 
thing to do is adjust the patient’s sodium and volume 
status. 

Dr. Cohn: Dr. Gottlieb, from your physiologic descrip- 
tion of the ACE inhibitor’s activity, one might expect that 
they would produce a natriuresis and would actually de- 
crease the need for a diuretic. In most studies, however, 
that has not appeared to be an important effect. There 
may be a modest reduction in diuretic need in some 
patients, but it is certainly not a very dramatic effect. 

Dr. Gottlieb: There is a wide variation of diuretic 
effect among patients. The various actions of ACE inhibi- 
tors at the renal artery, afferent and efferent arterioles, 
renal tubule and basement membrane have conflicting 
consequences, which makes prediction of the net natri- 
uretic effect difficult. 

Dr. Swedberg: In the CONSENSUS trial, diuretics 
were needed less often in the enalapril group than in the 
placebo group. 
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Potential Role of the Tissue Renin-Angiotensin 
System in the Pathophysiology of 
_ Congestive Heart Failure 


Alan T. Hirsch, MD, Yigal M. Pinto, Heribert Scaunkert, MD, and Victor J. Dzau, MD 





The circulating reain-angiotensin system (RAS) 
plays an important role m the maintenance of car- 
diovascular homeostasis. It has recently been dem- 
onstrated that endogenous RAS exist in target tis- 
sues that are important in cardiovascular regula- 
tion. This article reviews the multiple effects of 
angiotensin Il in target tissues, the evidence for the 
presence of funcional tissue RAS and the data that 
suggest a role for these tissue RAS in the patho- 
physiology of heart failure. Activation of circulating 
neurohormones is predictive of worsened survival 
in heart failure; however, cardiac and renal tissue 
RAS activities are also increased in the compensat- 
ed stage of heari failure, when plasma renin-angio- 
tensin activity is normal. It is hypothesized that the 
plasma RAS maintains circulatory homeostasis © 
during acute cardiac decompensation, while 
changes in tissue RAS contribute to homeostatic 
responses during chronic sustained cardiac impair- 
ment. This concept of different functions of circu- 
lating and tissue RAS in the pathophysiology of 
heart failure: may have important pharmacologic 
implications. 
: (Am J Cardiol 1990;66:22D-32D1 
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THE RENIN-ANGIOTENSIN SYSTEM IN 
CARDIOVASCULAR HOMEOSTASIS 

The circulating renin-angiotensin system (RAS) is 
activated during states of sodium restriction, hemorrhage 
or intravascular volume contractior., during an increased 
adrenergic state or as a consequence of acute cardiac 
decompensation. The effects of this endocrine system are 
mediated by the peptide hormone angiotensin II, which 
elicizs tissue-speciii> responses at many target organs, 
including the blood vessels, kidney, heart, brain and adre- 
nal «issues. Angiotensin receptors in target tissues medi- 
ate systemic vascconstriction, adrenal aldosterone re- 
leas; hypophyseal vasopressin secretion and renal sodi- . 
um reabsorption. The circulating RAS, as a classic 
hormonal system, is subject to feedback regulation and 
serves to maintain acute cardiovascular homeostasis. 

The important role of the circulating RAS in the 
maintenance of cardiovascular homeostasis has been de- 
fined by use of specific antagonists. Antirenin antibod- 
ies, ? angiotensin H antagonists’ and, more recently, in- 
hib.tors of angicteasin-converting enzyme (ACE)* have 
each been used in this context. Studies with these agents 
have demonstrated that acute hemodynamic responses 
may be predicted ty the pretreatment plasma RAS activ- 
ity. In contrast, loag-term responses to these agents are 
not predicted by plasma RAS activity. For example, 
ACE inhibition has been reported to be beneficial in 
pathophysiologic states characterized by the absence of 
activation of the crculating RAS. ACE inhibition elicits 
hypotensive responses in normal-renin essential hyperten- 
sicn? or in low-rerin hypertension that occurs after bila- 
teral nephrectomy. These agents are also effective in 
pe with hear: failure and normal plasma RAS activ- 
ity. 

It has recently been demons -rated that endogenous 
RAS exist in target tissues that are important in cardio- 
vascular regulaticn. The possibility that these tissue RAS 
might contributz to local angiotensin II production has 
important pathophysiologic and therapeutic implications. 
Tne altered regulation of these systems (in blood vessels, 
cerdiac and rena. tissues) in pathophysiologic states has 
been the focus of our recent investigations. In this article, 
we review the multiple effects of angiotensin II in target 
tissues, the evideace that supports the presence of func- _ 
tional tissue RAS and the increasing body of data that 
suggests a role for these tissue RAS in the pathophysiolo- 
gy of heart failure. 


ANGIOTENSIN il AS A MULTITARGETED 
BIOLOGIC MEDIATOR 

The detailed cellular mechanisms by which angioten- 
sin II alters tissue functions is beyond the scope of this 
article. However, alteration of tissue function by angio- 
tensin II may be mediated via specific membrane-bound 
angiotensin II receptors, via angiotensin II’s effects on 
nuclear receptors, via the modulation of adrenergic tone 
or by interactions with other local mediators. Both the 
circulating and tissue RAS contribute to altered end- 
organ responses by the relative summation of these ef- 
fects. 

Direct effects: Angiotensin IJ exerts its physiologic 
effects via specific receptors that are widely distributed 
throughout the vascular tree. Angiotensin IJ induces vas- 
cular contractions in isolated aortic strips, as well as in 
isolated vascular rings from femoral, carotid and coro- 
nary vascular beds. Angiotensin I]-receptor binding acti- 
vates phospholipase C, which increases the hydrolysis of 
phosphatidylinositol biphosphate to diacyl glycerol and 
inosityl triphosphate.? These second messengers modu- 
late calcium-sensitive protein kinase and cytoplasmic cal- 
cium concentrations. 

Cardiac angiotensin JI may also exert its effects via 
cell membrane angiotensin IJ receptors, whose presence 


has been confirmed in myocyte cell culture!® and in hu- 


man myocardial tissue.!! The physiologic effects of an- 
giotensin II on cardiac function have been examined. In 
vivo, the direct cardiac effects of angiotensin IT have been 
difficult to isolate from systemic effects. In vitro, in isolat- 
ed cardiac muscle strips from cats, angiotensin HH causes a 
dose-dependent increase in contractility in 10~!° to 107° 
M concentrations.'+:!3 This direct positive inotropic effect 
is not dependent on adrenergic potentiation, since the 
responses were not altered by pretreatment with reser- 
pine, adrenergic antagonists or prior sympathetic dener- 
vation.!4!5 These effects are elicited in part via potentia- 
tion of the slow inward calcium current by angioten- 
sin.!%!5-17 In contrast to effects on the strength of 
contraction, angiotensin II has little direct effect on the 
chronotropic response of the heart. Whereas coronary 
vasodilation would usually accompany the increased 
myocardial oxygen consumption associated with an in- 
creased inotropic state, potent direct constrictor effects of 
cardiac angiotensin IT on coronary vasculature predomi- 
nate.!® 

Angiotensin I also exerts important effects on kidney 
functions, that is, regulation of intrarenal hemodynamics 
and preservation of salt and water homeostasis.!?-?! Sodi- 
um delivery may be altered because angiotensin IT causes 
potent renal vasoconstriction.*? Preferential efferent arte- 
riolar vasoconstriction by angiotensin II may increase 
transglomerular hydrostatic pressure and the filtration 
fraction. These physiologic responses may preserve glo- 
merular filtration rate in the setting of decreased renal 
blood flow. Additionally, angiotensin II may elicit de- 
creases in glomerular capillary surface area by contract- 
ing glomerular mesangial cells, thereby increasing the 
ultrafiltration coefficient, Ky.”324 Angiotensin H may di- 


THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 2, 1990 





rectly stimulate proximal tubular sodium reabsorption by 
activating the sodium/hydrogen antiporter.*>26 Finally, 
nanomolar angiotensin II concentrations increase sodium 
and bicarbonate reabsorption via alterations in phospho- 
lipase C-induced calcium transients.*”,2 

In addition to its direct effects on tissue function, 
angiotensin H may promote end-organ remodeling. An- 
giotensin II has been reported to have growth-promoting 
effects in cultured 3T3 fibroblasts, vascular myocytes and 
cardiac myocytes. Angiotensin II may stimulate the pro- 
liferation of cultured human vascular smooth muscle cells 
when grown in serum;”? however, only protein synthesis 
without cell division has been demonstrated when rat 
aortic smooth muscle cells were studied in serum-free 
medium.*” Naftilan et al?! have reported that angiotensin 
II can directly induce the expressions of the proto-onco- 
genes c-fos, c-myc and c-jun, as well as the mitogen 
platelet-derived growth factor. A recent report?* demon- 
strates that angiotensin II similarly induces proto-onco- 
gene expression and hypertrophy of cultured cardiac 
myocytes. These effects of angiotensin II on growth in 
vivo are supported by data demonstrating that long-term 
ACE inhibition can reverse both cardiac and vascular 
hypertrophy.73-> 

Indirect tissue effects via other neuroendocrine sys- 
tems: Local angiotensin II may also contribute to tissue 
function via effects transduced by other neuroendocrine 
systems. Angiotensin II has been shown to amplify cate- 
cholamine release from noradrenergic nerve endings, 
thereby augmenting vascular tissue responses to sympa- 
thetic activation.**3° Gimbrone and Alexander* have 
demonstrated that prostacyclin synthesis by cultured 
cells is increased by angiotensin IJ. Endothelium-depen- 
dent vasorelaxant effects of angiotensin, mediated by lo- 
cal prostacyclin production, have been demonstrated in 
canine renal arteries.*! Angiotensin II may also increase 
the release of endothelium-dependent relaxant factor.*? 
Conversely, catecholamines and prostaglandins modulate 
local angiotensin II production. For example, 82-adreno- 
receptor activation increases angiotensin II release from 
the isolated mesenteric vascular bed.3? 

Angiotensin II also exerts indirect effects on the kid- 
ney that may amplify or modulate its receptor-mediated 
effects. For example, angiotensin has been shown to alter 
the biosynthesis or release of vasopressin, atrial natriuret- 
ic factor and aldosterone.*3-** Angiotensin II has also 
been demonstrated to be important for mediating the 
vasoconstrictor and antinatriuretic effects of renal nerve 
stimulation. Inhibition of angiotensin II synthesis by 
ACE inhibition blocks adrenergic-mediated increases in 
afferent and efferent vascular resistance, and preserves 
single nephron and whole kidney plasma flow and filtra- 
tion rate.464 The glomerular and renovascular responses 
to angiotensin ITI are also markedly decreased by renal 
denervation.*® Thus, the full physiologic expression of 
angiotensin Is renal effects is dependent on intact renal 
sympathetic function. In addition to angiotensin’s indi- 
rect renal vasoconstrictor effects, this peptide also modu- 
lates vasodilator hormones. Renal prostaglandins are in- 
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creased during long-term administration of angiotensin 
II,49 and might zontribute to the maintenance of glomer- 
ular filtrat.on sy decreasing afferent arteriolar resis- 
tance.*° This is n accord with the concept that there is a 
dynamic interplay in the-effects of vasoconstrictor aad 
vasodilator horraones, and that this relationship may be 
important in thz local regulation of renal function. 
Angiotensin II may also promote vascular and cardiac 
myocyte growth indirectly via its adrenergic effects. Cat- 
echolamines stimulate the growth of rat aortic vascular 
smooth muscle cells?! and also induce polyploidy of these 
cells in tissue culture.°* Angiotensin II-induced norepi- 
nephrine release should be capable of inducing cardiac 
myocyte growtr and stimulating the expression of tie 
proto-oncogene <-myc.°? Thus, via both direct effects and 
via signals transduced by other local hormonal systems, 
angiotensin II se-ves as a multitargeted biologic peptice. 


SITES OF ANGIOTENSIN II PRODUCTION 

Circulating renin-angiotensin system: According to 
the concept of ar endocrine system, plasma angiotensin II 
is presumatly produced via the angiotensinogen-renin- 
ACE biochemical cascade in the systemic or pulmona-y 
circulation. The angiotensin II peptide is then delivered 
via the circulation to distant target organs throughout the 
body. 

Tissue renin-angiotensin system: This emerging con- 
cept proposes that angiotensin IT is produced in target 
organs via local RAS biochemical cascades. Renin sud- 
strate, renin-like enzymatic activity and ACE have each 
been demonstrated at tissue sites by immunohistochent- 
cal and biochemical techniques.°4-> Molecular biologic 
techniques have -onfirmed that both renin and angioten- 
sinogen genes are expressed in many tissues associated 
with cardiovascuzar homeostasis, for example, blood ves- 
sels, heart, kidney, brain and adrenal tissues.5’°? In addi- 
tion, there is evidence for uptake of renin and angiotensia- 
ogen by the vessel wall.5>60 The evidence supporting te 
existence and plysiologic role of vascular, cardiac and 
renal RAS is reriewed next. 

Vascular renin-angioctensin system: The existence of 
renin, angiotensizsogen and angiotensin II in blood vesse s 
has been reported by a number of laboratories.°!* The 
vessel wall distritution of renin has been demonstrated by 
use of antirenin-specific antibody; these studies have 
demonstrated intense staining throughout the thickness 
of the aorta and large and smaller arteries, as well es 
arterioles, particularly in endothelial and smooth musck 
cells.°3 The function of the vascular RAS has been sug- 
gested by many studies. Oliver and Sciacca® demor- 
strated that the is slated rat hindlimb artery was capable 
of generating angiotensin IT from tetradecapeptide renin 
substrate in the ebsence of circulating renin. Local syr- 
thesis of angiotersin II, in isolation from the circulatior, 
was demonstrated by Mizuno et al.°* In this preparatior, 
long-term oral caztopril treatment decreased angiotensin 
II release from the isolated leg vasculature. Tissue angic- 
tensin synthesis iz further suggested by the presence cf 
angiotensin H in rat plasma 48 hours after bilateral ne- 
phrectomy, when plasma renin activity is undetectable.© 
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Additionally, kinetic analysis of the in vivo arterial-ve- 
nous angiotensin I and angiotensin [I differences in sheep 
and humans also supports the concept of vascular tissue 
angiotensin II production.6667 

The local synthesis of angiotensin IJ in the blood vessel 
wall may have important physiologic implications. As 
previously noted, local angiotensin H may contribute di- 
rectly to regional blood flow regulation by activating spe- 
cific vascular receptors in regional circulations (e.g., the 
kidney). Alternatively, angiotensin II may alter vascular 
function via its effects on norepinephrine release from 
noradrenergic rerve terminals cr via local hormonal ef- 
fects. Thus, the net effect of tissue RAS activity in an 
individual vascular bed is dependent on the relative con- 
tributions of angiotensin’s direct ard indirect effects. In 
pathophysiologic states in which the neuroendocrine sys- 
tems are not activated (e.g., chrcnic stable heart failure), 
these local tissue mechanisms may predominate. 

Evidence to support the importance of local angioten- 
sin IJ to arteriolar end conduit artery function is derived 
from experiments involving blockade of renin or angio- 


_tensin effect. Longnecker et alf demonstrated that topi- 


cal administration cf saralasin to the microvasculature of 
the spontaneously hypertensive rat, which presumably 
elicits only local effects, resulted in selective vasodilation 
of third- and fourth-order arteriales; thus, local angioten- 
sin II synthesis may vary deperding on the size of the 
blood vessel and circulatory regicn studied. The potential 
roles of vascular tissue RAS are supported by additional 
studies of hypertensive models. Prolonged infusion of sar- 
alasin normalizes blood pressure in the chronic phase of 
2-kidney, 1-clip hypertension and the hypotensive re- 
sponse is not corre.ated with the pretreatment plasma 
renin activity.©? In the chronic phase of hypertension in 
this model, plasma renin activity is near normal, but 
vascular ACE activity is increased. This increased vascu- 
lar ACE activity is responsible for the increased vasocon- 
strictor response to angiotensin J infusion.”? Further evi- 
dence to support the contribution of vascular tissue RAS 
activity to blood pressure control is provided by the data 
of Unger et al.”! In this study, the investigators observed a 
prolonged hypotensive respons after withdrawal of 
chronically administered ACE inhibitors, despite the ear- 
lier return of p.asma ACE activity to normal values. 
These data suggest tnat inhibition of plasma ACE activi- 
ty is not essential to elicit a systemic hypotensive re- 
sponse. In fact, in some of these szudies, sustained inhibi- 
tion of vascular ACE activity has been observed in paral- 
lel to the blood pressure response. These data suggest that 
inhibition of arteriolar ACE may underlie the antihyper- 
tensive effect. In humans, the compliance and diameter of 
large (brachial and carotid) arter-es is increased by ACE 
inhibition, even at dases that are without a systemic hypo- 
tensive response.” The latter observation suggests that 
local vascular RAS activity influences the buffering func- 
tion of these conduit vessels. This effect of vascular RAS 
on arterial comp:iance may result in decreased ventricu- 
lar afterload when ACE inhibitors are administered. 
Thus, multiple lines of evidence suggest that local vascu- 
lar synthesis of angiotensin II exerts physiologically im- 


portant responses in normal and hypertensive states. 

Cardiac renin-angiogensin system: The presence of 
RAS components in the heart has also been demon- 
strated by enzymatic, biochemical and molecular biologic 
techniques. Renin enzymatic activity has been demon- 
strated in isolated cardiac myocytes.*4 Cardiac renin and 
angiotensinogen messenger ribonucleic acid (mRNA) 
expressions have been identified in the heart.”:’> The 
presence of ACE has also been demonstrated in the rat 
heart.”®-78 Recent data suggest that cardiac ACE is syn- 
thesized locally;? ACE is located throughout cardiac 
tissues, but is greatest in the atria, vasculature, conduc- 
tion system and cardiac valves.8° The demonstration of 
conversion of angiotensin I to angiotensin H by the isolat- 
ed rat heart provides evidence that tissue angiotensin II 
can be locally synthesized.®! In this ex vivo system, ACE 
inhibitors attenuate the angiotensin conversion.®* Other 
non-ACE enzyme peptidases may also contribute to the 
generation of angiotensin II in the heart, since angioten- 
sin I to angiotensin H conversion has been recently report- 
ed to occur in failing human hearts and cardiomyopathic 
hamster cardiac tissues.°3.84 

The activity of the cardiac RAS can be modulated by 
various physiologic perturbations. For example, the ex- 
pressions of both angiotensinogen and renin are increased 
in the hearts of sodium-depleted animals.®° We have also 
observed that cardiac renin expression is selectively in- 
creased in response to the infusion of isoproterenol (un- 
published data). The dietary sodium restriction, diuretic 
use and activated sympathetic nervous system that may 
accompany Clinical hypertension and heart failure may 
therefore increase myocardial RAS activity. As discussed 
earlier, local angiotensin II may then have important 
effects on the cardiac inotropic state, ventricular relaxa- 
tion or myocyte growth. 

Renai renin-angiotensin system: The presence of an 
RAS system in the kidney has also been documented by 
molecular biologic, immunocytochemical and biochemi- 
cal techniques. Taugner et al®687 have detected renin in 
afferent and efferent arterioles and in smaller amounts in 
the proximal tubule by antirenin antiserum staining. Cul- 
tured glomerular mesangial cells synthesize renin.88 An- 
giotensinogen mRNA expression in the renal cortex has 
been demonstrated and in situ hybridization studies have 
shown that angiotensinogen mRNA is expressed princi- 
pally in the proximal tubule;8?.*° renin mRNA is primari- 
ly localized in the juxtaglomerular cells.?!?? Intrarenal 
ACE has also been demonstrated by the presence of the 
ACE mRNA.” In addition to the vasculature, ACE has 
been localized in the proximal tubule brush border by 
immunohistochemical and radioligand binding stud- 
ies.°495 Since all the components are found in the proxi- 
mal tubule, local angiotensin II synthesis has been hy- 
pothesized.°2 Indeed, a recent micropuncture study™ 
demonstrated that the proximal tubular fluid angiotensin 
II concentration is 1,000-fold greater than that in the 
plasma. Local angiotensin II production might be a major 
factor in regulation of basal renal hemodynamics and 
sodium reabsorption; this local system is also responsive 
to physiologic stimuli. Tissue-specific regulation has been 
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demonstrated in response to sodium depletion and gluco- 
corticoid and androgen administration.»©9”8 This intra- 
renal RAS may thereby be important in the regulation of 
sodium homeostasis and glomerular filtration in, for ex- 
ample, heart failure. 


POTENTIAL ROLES OF CIRCULATING AND 
TISSUE RENIN-ANGIOTENSIN SYSTEM IN 
HEART FAILURE 

It is well documented that a reduction in cardiac out- 
put elicits compensatory homeostatic responses that are 
mediated by neurohormonal mechanisms. Activation of 
the sympathetic nervous system results in systemic vaso- 
constriction, decreases in renal blood flow and glomerular 
filtration rate and an increase in tubular reabsorption of 
sodium.”? Activation of the RAS contributes further to 
the increases in vascular tone and sodium avidity. Va- 
sopression secretion may also be increased during marked 
reductions in cardiac output, which contributes signifi- 
cantly to the antidiuretic state of heart failure.!-!0? The 
temporal activation of circulating neurohormonal mech- 
anisms was well illustrated in the study by Watkins et 
al!” of the experimental canine model of cardiac decom- 
pensation. In this model, reductions in cardiac output and 
filling pressure result in elevations of plasma renin activi- 
ty and angiotensin IT and aldosterone levels, with associ- 
ated vasoconstriction and sodium retention. However, 
these circulating neurohormonal mechanisms return to 
normal during the compensated stage of heart failure as 
plasma volume and cardiac stroke volume increase. Addi- 
tionally, in other animal models of compensated heart 
failure, such as the coronary-ligated rat or subacute stage 
of canine rapid ventricular pacing, normal or near-nor- 
mal plasma renin activity and angiotensin II levels have 
been demonstrated,76!0!,104 Thus, in experimental heart 
failure, circulating neurohormonal mechanisms exhibit a 
time-dependent response, with acute activation during 
cardiovascular decompensation and subsequent normal- 
ization during the chronic, compensated phase (Figure 
1). 

A similar pattern of activation of plasma neurohor- 
mones has been observed in patients after acute myocar- 
dial infarction! or during heart failure.’!° Patients 
with mild heart failure or stable disease usually demon- 
strate normal plasma renin activity, catecholamines and 
vasopressin levels at rest. Nevertheless, long-term ACE 
inhibition elicits salutary responses from both patients 
and animals with stable cardiac dysfunction. Overall 
morbidity is decreased and survival may be prolonged. 
We hypothesize that during the compensated phase, the 
tissue RAS may contribute to the pathophysiology of 
heart failure. Examination of the role of the tissue RAS 
in this disease state may also provide insights into the 
mechanisms mediating these beneficial therapeutic re- 
sponses to ACE inhibition. 

Vascular renin-angiotensin system in heart failure: 
Little is known of the activity of the RAS in the blood 
vessel in heart failure. As discussed, local vascular angio- 
tensin II can cause constriction of large arteries and resis- 
tance vessels, resulting in increased systemic vascular re- 
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FIGURE 1. The relative contributions of the plasma and tissue 
renin-angiotensin systems (RAS) during the natural history of 
heart failure. Acute cardiac decompensation activates the cir- 
culating RAS; the acute response of the tissue RAS is not 
known. During compensated heart failure, tissue RAS are æ- 
tivated and the circulating RAS activity has been shown to be 
normal. The circulating RAS is again activated during end- 
stage or decompensated states; further activation of the tissue 
RAS is hypothesized in this condition, (Reprinted, with per. 
mission, from Heart Failure and Arrhythmias.!*4) 


sistance and reduced arterial compliance. These effects 
may increase ventricular afterload, and thereby increase 
myocardial wali stress. Local angiotensin II formation in 
venous capacitance vessels may also contribute to in- 
creased preload. Thus blockade of the effect of vascular 
RAS by ACE :nhibition may decrease preload, artecial 
compliance and vascular resistance. Captopril also elicits 
preferential renal and splanchnic vasodilation in trese 
animals, as in patients with heart failure.!°’ Additionally, 
ACE inhibition elicits venodilation, increased verous 
compliance and decreased intravascular volume.'% 
These decreases in cardiac preload and afterload, as well 
as normalization of regional blood flow, may alsa be 
beneficial in blunting cardiac dilation after myocardial 
infarction. The potential effects of the vascular RAS in 
heart failure are summarized in Table I. 

Cardiac renin-angiotensin system in heart failure: 
While increased vascular RAS activity may contribute to 
the increase in afterload in heart failure, the contribu-ion 
of cardiac RAS activity in pathophysiologic states has 
only recently been investigated. We have recently studied 
cardiac ACE activity in rats with left ventricular hyper- 
trophy induced by aortic banding,” ®! and found a 
marked rise in cardiac ACE activity and ACE mRNA 
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Angiotensin System to the Pathophysiology of Heart Failure 






Pathophysiologic 
Consequences 





Potential Tissue Effect 









Decreased conduit vesse! increased afterload 







complianc2 & increased 

arteriolar resistance 
Venoconstriction increased p-eload 
Renal and splanchnic Regional blcod flow 





vasoconstriction redistribution 





26D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


axpression and an associated increase in the cardiac con- 
version rate of angiotensin I to angiotensin II. 

We have zlso recently dermonstrated”® that cardiac 
ACE is elevated in the chronic compensated state of 
2xperimental heart failure in the rat. The ACE activity is 
-ncreased in the right ventricle and interventricular sep- 
cum, and correlates with the extent of the infarct and the 
degree of cardiac dilatation. As in stable human disease, 
circulating renin and ACE activities are not elevated 
during the chronic compensazed phase in this animal 
model. The increése in right ventricular and interventric- 
ular septal ACE activities in rats with experimental heart 
failure is probably due to the induction of ACE expres- 
sion with increased local enzyme synthesis; however, the 
=xact stimulus for the induction of cardiac ACE is un- 
clear. In this model of heart failure, Drexler et al!09:!!© 
have also demonstrated induction of the expression of 
angiotensinogen and atrial natriuretic factor in the ven- 
tricular myocardium in proportion to the extent of myo- 
cardial infarction. It is possibl2 that an increase in ven- 
tricular dimension or wall tension may be a direct stimu- 
lus, or that increased myocardial neurosympathetic 
activity is responsible for the mduction of cardiac RAS 
expression. 

The increase in cardiac ACE activity in the hypertro- 
phied or failing myocardium ray have important patho- 
physiologic implications. Functional angiotensin IT recep- 
tors have been demonstrated in the myocytes of normal 
and failing human hearts.'! As noted earlier, angiotensin 
II may elicit intense coronary artery vasoconstriction. 
Indeed, the coronary vasodilatory effect of ACE inhibi- 
tors, independent of circulating angiotensin II, has been 
demonstrated in the isolated perfused heart by both Linz 
et al®? and Van Gilst et al.!!! Locally synthesized cardiac 
angiotensin II may also directly influence the cardiac 
inotropic state!*!.!> or indirectly augment cardiac systol- 
ic function via facilitation of ncrepinephrine release from 
sympathetic nerve terminals.!!?:!!3 In the failing heart, it 
is expected that these tissue 2ffects may be especially 
important. 

Foult et al!!4 have extended these observations to hu- 
man heart failure by examinirg the effects of intracoro- 
nary infusion of enalaprilat on indices of systolic perfor- 
mance. Inhibition of cardiac ACE activity caused a sig- 
nificant decline in the ejectior: fraction and the cardiac 
index and decreased the end-systolic stress /end-systolic 
volume ratio in patients with idiopathic dilated cardiomy- 
opathy. Coranary vascular resistance also decreased, sug- 
gesting that basal tissue angiotensin I] concentrations 
subserved inctropic and corcnary vasoconstrictive re- 
sponses. Since there may be otner non-ACE biochemical 
pathways for angiotensin I to angiotensin II conversion in 
the heart, cardiac tissue angiotensin I] generation might 
still occur despite administration of systemic ACE inhibi- 
tors. Thus, tissue angiotensin I” synthesis could potential- 
ly provide positive inotropic effects despite systemic ACE 
inhibition.83.3° Finally, local angiotensin IT may also mod- 
ulate diastolic function. In hyzertrophied rat myocardi- 
um studied as a Langendorff preparation, infusion of 
angiotensin I induces a dose-dependent increase in left 
ventricular end-diastolic pressare.®! 


Cardiac angiotensin may also participate directly in 
ventricular hypertrophy and remodeling via its growth- 
promoting effects.7!3* Angiotensin II has been shown to 
stimulate cardiac myocyte growth. In addition, the en- 
hanced norepinephrine release may also promote cardiac 
hypertrophy. These observations may underlie the ability 
of ACE inhibitors to produce regression of cardiac hyper- 
trophy secondary to chronic hypertension.*+'!> Thus, the 
increased cardiac ACE activity and locally synthesized 
angiotensin II may also participate in the ventricular 
remodeling that is ultimately responsible for cardiac dila- 
tion after myocardial infarction or in cverload conditions. 

Enhanced cardiac angiotensin II generation may also 
contribute to the increased ventricular dysrhythmias that 
are characteristic of advanced cardiac dysfunction. In the 
isolated perfused rat heart, Linz et al®* have demon- 
strated that both angiotensin I and angiotensin II perfu- 
sion aggravated the arrhythmias incuced by transient 
ischemia. The dysrhythmias induced by angiotensin I 
administration were abolished by pretreatment with the 
ACE inhibitor ramipril. It is not known whether the 
dysrhythmias associated with impaired left ventricular 
function are due to either subendocardial ischemia, al- 
tered adrenergic state or direct effects of angiotensin on 
the conduction systems. Indeed, a high density of angio- 
tensin II binding sites has been detected in the conduction 
system.!!6 Clinical trials of ACE inhibition in patients 
with heart failure are under way and should help to deter- 
mine whether sudden death, which is presumably a mark- 
er of high-grade dysrhythmias, is altered by this modali- 
ty. The possible roles of the cardiac RAS are listed in 
Table II. 

Renal renin-angiotensin system in heart failure: We 
have recently observed that experimental heart failure 
changes the activity of the intrarenal RAS.'!’ In the 
chronic state after experimental myocardial infarction in 
the rat, the renal angiotensinogen mRNA level is in- 
creased twofold compared with sham-operated con- 
trols.!!7 The magnitude of increase correlated closely 
with the histopathologic size of the myozardial infarction, 
implying a relation with the degree of ventricular dys- 
function. 


The effect of heart failure on the kidney RAS was 


selective for this single component of the RAS, since renal 
renin and ACE activity were unchanged. Interestingly, 
long-term ACE inhibition with enalapril normalized re- 
nal angiotensinogen expression to that of sham-operated 
control rats, suggesting that angiotensin may have a posi- 
tive feedback role on angiotensinogen expression in the 
kidney. The increased renal angiotensinogen expression 
may result in increased intrarenal angiotensin II levels 
that may mediate sodium reabsorption and vasoconstric- 
tion and increase the filtration fraction. Thus, ACE inhi- 
bition would block both systemic and intrarenal angioten- 
sin II formation. These data may explain why treatment 
with ACE inhibitors elicits renal vasodilation and natri- 
uresis despite normal activity of the circulating 
RAS.!'8119 The possible roles of the renal RAS are de- 
picted in Table HI. 

Tissue renin-angiotensin system—a hypothesis: As 
reviewed earlier. activation of circulating neurohormones 
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has been demonstrated to be predictive of worsened sur- 
vival.!29!2! However, we and others have shown that car- 
diac and renal tissue RAS activities are also increased in 
the compensated stage of heart failure at a time when 
plasma renin-angiotensin activity is normal. Therefore, 
we hypothesize that the plasma RAS serves to maintain 
circulatory homeostasis during acute cardiac decompen- 
sation, while changes in tissue RAS contribute to homeo- 
static responses during chronic sustained impairment of 
cardiac function (Figure 1). The increase in cardiac and 
renal RAS activities (and tissue angiotensin II forma- 
tion) during stable heart failure may mediate compensa- 
tory local cardiac inotropic effects, redistribution of re- 
gional blood flow and renal sodium retentive effects. Ac- 
tivation of angiotensin biosynthesis locally may permit 
tissue homeostatic responses to occur without detrimental 
effects of systemic neurohormonal activation. Whether 
sustained activation of tissue RAS systems during the 
compensated stage contributes to disease progression in 
heart failure is not known. We hypothesize that progres- 
sive cardiac decompensation would lead to further activa- 
tion of both tissue RAS and circulating neurohormonal 
systems (Figure 2). This concept of differential temporal 
contributions of circulating and tissue RAS to the patho- 
physiology of heart failure may have important pharma- 
cologic implications. 


CIRCULATING AND TISSUE RENIN- 
ANGIOTENSIN SYSTEM AS TARGETS OF 
DRUG ACTIONS 

Inasmuch as local formation of angiotensin H in tis- 
sues may contribute to abnormalities in vascular, cardiac 
and renal function in heart failure, inhibition of these 
systems is likely to mediate the benefits of pharmacologic 
therapy in this disease state (Table I). Thus, in animal 
models of heart failure and in clinical disease, ACE inhib- 
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FIGURE 2. Potential pathophysiologic roles of the tissue and 
circulating renin-ingiotensin systems (RAS) during heart fa l- 
ure, Myocardial injury and cardiac decompensation are pos-u- 
lated to activate both endocrine RAS and autocrine/paracrinze 
tissue RAS respamses, though these may not occur synchro- 
nously. Increase¢ preload and afterload (vascular RAS), poti- 
tive inotropic and negative lucitropic effects (cardiac RAS) end 
increased plasma volume (renal RAS) may serve as homest.- 
tic responses. These responses may eventually become mal- 
adaptive, leading to further myocardial injury. 


itors demonstrzte efficacy despite normal plasma resin 
activity. Whereas the acute vasodilatory response to an 
ACE inhibitor 2s influenced by the activity of the circu_at- 
ing RAS, the long-term hypotensive response to ATE 
inhibitors may be more dependent on inhibition of tissue 
ACE activity. 

Local RAS activity may elicit important end-organ 
effects; it is attractive to speculate that these systems may 
explain differemtial pharmacologic effects of ACE inhibi- 
tors. Experimental data demonstrate that plasma pkar- 
macokinetics Co not predict the tissue half-life of these 
agents. For exemple, captopril administration to spouta- 
neously hypertensive rats inhibits blood vessel and renal 
ACE for days “onger than its plasma effects.” Captopril, 
fosinopril and zofenipril have been reported to produce 
greater and more prolonged inhibition of spontaneously 
hypertensive rat cardiac ACE after a single oral cose 
than ramipril and enalapril.!*? Similar disparities in. tis- 
sue ACE inhitition by various agents have been deron- 
strated in braia ard renal tissue. The tissue pharmacoki- 
netics of ACE inhibitors in humans are not known 

Thus, targzt tissue penetration or binding by these 
agents to ACE may underlie clinically important effects. 
Neither the pretreatment plasma renin activity nor the 
acute hyrotersive response to ACE inhibition precicts 
long-term efficacy in heart failure patients.®!23 It has 
been suggested that long-acting ACE inhibitors @.g., 
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enalapril) may have greater adverse effects on renal func- 
tion than short-acting agents.'-4 These adverse effects 
were attributed to more prolonged systemic hypotension 
than occurred with shorter-acting agents. However, true 
equipotent doses for tissue ACE inhibition are difficult to 
achieve in these studies. The inability to define tissue- 
specific ACE-‘nhibition equipotency in clinical trials may 
also explain, ir. part, the recent reports of disparate effects 
of captopril and lisinopril on left ventricular ejection frac- 
tion in patients with heart failure!?> and the differing 
effects of these agents on exercise duration. For example, 
it has been suggested that the ability of long-term ACE 
inhibition to improve skeletal muscle blood flow is due to 
effects on vascular RAS activizy.! 


SUMMARY 

Tissue RAS mey contribute to the pathophysiology of 
heart failure via myocardial RAS effects, effects on after- 
load (vascular RAS activity) and effects on preload (vas- 
cular and renal tissue RAS activity). ACE inhibitors 
have been demonstrated to attenuate left ventricular dila- 
tion and improve survival in both patients and experimen- 
tal models of heart failure.-27-!39 ACE inhibition may 
contribute to this improved proznosis of heart failure via 
effects on these tissue RAS. 
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DISCUSSION 

Dr. Jay Cohn (Minneapolis, Minnesota): What is the 
signal for activation of-the tissue renin-angiotensin sys- 
tem? In the myocardium, is it some cutee: in wall forces 
that is doing this? 
. Dr. Alan Hirsch (Boston, Massachusetts): I would 
like to think that a hemodynamic signal underlies such an 
activation. There are minime] data available regarding 


the nature of this signal or its transduction. When the 
results of multiple investigations are reviewed post hoc, 
the data suggest that the earliest event that occurs in 
acute heart failure is an increase in left ventricular filling 
pressures within the first day, and these pressures subse- 
quently remain elevated. Dr. Drexler has suggested that a 
few days thereafter, angiotensinogen in the heart is in- 
creased. Within the first 4 or 5 days, according to Dr. 
Anversa, there is already some evidence of cardiac myo- 
cyte hypertrophy. While increased ventricular wall stress 
is temporally associated with cardiac renin-angiotensin 
system (RAS) activation, sympathetic responses might 
also contribute to this RAS activation. 

Dr. Cohn: We have discussed the nonhomogenous 
wall stress in the ventricle after an area of the heart ts 
infarcted. The wall that is tethered to the infarct area is 
placed under much more stress than the distant wall. If 
there were wall forcé changes to activate the system, 
nonhomogenous activation might occur in that muscle 
tissue. Do you know anything about the distribution of 
messenger RNA and angiotensinogen? 

_ Dr. Hirsch: Localization of cardiac RAS, messenger 
RNAs in normal and disease states has not yet been 
performed. However, Drs. Mendelsohn and Jackson and 
colleagues suggest that they can find increased angioten- 
sin-converting enzyme (ACE) activity, not only in the 
functional myocytes, but also in the infarcted myocardi- 
um and in the collagenous structures of the heart. The 
fact that there is still enzymatic activity in these struc- 
tures might be important, since angiotensin II may con- 
tribute to interstitial fibrosis, cellular hypertrophy and 
overall remodeling. . 

Participant: What stimulates the tissue system in 
acute myocardial infarction? Is is just wall stress? Have 
ischemic rat models shown any relation between wall 
stress and system activation? Can there be other signals? 

Dr. Hirsch: As we have discussed, the temporal associ- 
ation of increased wall stress and tissue RAS activation is 
attractive, but the role of increased adrenergic activity or 
other neurohormones has not been excluded. These stud- 
ies have not been performed during concomitant adrener- 
gic blockade or in reserpine-treated animals to determine 
whether these specific responses can be blocked, Another 
question is whether ACE inhibition can itself block these 
responses. Is there an angiotensin II-mediated feedback 
response? Dr. Schunkert has demonstrated in our labora- 
tory that exogenous angiotensin II can induce renal an- 
giotensinogen expression. As noted, ACE inhibition nor- 
malizes the renal angiotensinogen induction associated 
with chronic experimental heart failure. Thus, we believe 
that there is likely a contribution of local hormonal feed- 
back control in this system. Control of this system.in the 
heart is less clear at present. 

Participant: Where is this increased activity seen in 
the cardiac tissue? 

Dr. Hirsch: As I am sure you are aware, ACE is a 
fairly ubiquitous enzyme, and it is present in cardiac and 
vascular myocytes, endothelial cells and the conduction 
system. Which site is primarily responsible for increased 
ACE activity is not known; however, both right ventricu- 
lar and septal ACE increase. 
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Dr. Robert Cody (Columbus, Ohio): Can we presume 
from the results of the rat model that, under standard 
conditions, the renin level is not elevated? 

Dr. Hirsch: Yes. In the chronic, compensated state in 
this model, both plasma renin activity and serum ACE 
activity are normal. 

Participant: In the first study of survival in the capto- 
pril-treated infarcted rats by Marc and Janice Pfeffer, 
weren’t serum renin levels elevated? 

Dr. Hirsch: To my knowledge, they did not measure 
either baseline renins or the magnitude of serum ACE 
inhibition during these survival studies. 

Interestingly, the Pfeffers used a dose of 2 g/L of 
captopril in the drinking water of all their animals. I have 
administered this dose to Sprague-Dawley rats and found 
that serum ACE is usually acutely inhibited by approxi- 
mately 80 to 85%. It is not clear that this dose causes 
sustained inhibition of circulating ACE during long-term 
administration. Over the course of a year of treatment, I 
am convinced that total plasma ACE would probably 
double or triple. . 

Dr. Cody: Data from the Pfeffer study and from the 
SOLVD (Studies of Left Ventricular Dysfunction) trial 
suggest that in earlier heart failure, when circulating 
renin levels are minimally increased, some of the favor- 
able effects of ACE inhibitors are through mediation of 
the tissue effects—in the myocardium, the kidney and the 
vascular smooth muscle. Is that a fair conclusion? 

Dr. Hirsch: This is our hypothesis. As a clinician, as 
long as I can improve ventricular function, ameliorate 
symptoms and improve survival, I might not initially fo- 
cus on tissue ACE effects. However, tissue effects may be 
particularly important because they will allow us to get 
some idea of the mechanism of action of ACE inhibitors 
and how to design better drugs. 

Participant: Are the benefits of ACE inhibitors in 
postmyocardial infarction patients unique to ACE inhibi- 
tors? 

Participant: Goldman in Tucson compared hydrala- 
zine and captopril in terms of reduction of infarct size and 
showed a difference, which was attributed to venodilation 
from captopril having an impact on wall stress. 

Dr. Cody: If in mild heart failure, the endocrine renin 
system is minimally activated after myocardial infarc- 
tion, left ventricular geometric abnormalities can be min- 
imized. This would suggest that under the circumstances, 
the favorable effects of the ACE inhibitor are at the tissue 
level. The tissue ACE you are studying is presumably 
carboxypeptidase B. 

Dr. Hirsch: The tissue ACE is the dipeptidyl carboxy- 
peptidase that may cleave either the terminal 2 amino 
acids but may also occasionally act as an endopeptidase. 
In any case, each available assay—high-performance liq- 
uid chromatography, radioimmunoassay or spectropho- 
tometry—appears to yield relative results for ACE activi- 
ty that seem to be comparable. 

Dr. Cody: What I am getting at is that perhaps we 
should just drop the “A” in angiotensin-converting en- 
zyme. 

Dr. Hirsch: | agree with you. It may be a misnomer, 
since angiotensin I metabolism is certainly not its only 
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biologic effect. 

Dr. Cody: In other words, the “angiotensin-convertiig 
enzyme” keeps =onjuring up the renin system, and wkat 
you are measur ng is a carboxypeptidase. This carbory- 
peptidase may be blocked by an ACE inhibitor. This 
dissociates the concept of tissue “ACE” being of necess ty 
related to the erdocrine renin system. How do you know 
that this is not just carboxypeptidase? And that this mere 
generic carboxrpeptidase helps mediate some of these 
favorable cellular actions? 

Dr. Cohn: The evidence certainly supports the icea 
that something s happening at the tissue level that canuot 
be measured systemically. In our model of left ventricular 
damage in the cog, the early hypertrophy was not asscci- 
ated with a cirzulating increase in renin activity, bu- it 
was inhibited zy converting enzyme inhibition, whch 
does not affect blood pressure. 

Participant: It is hard to believe that the effect is all 
hemodynamic er that it is working through a circulat.ng 
system when tke renin system is not activated. 

Dr. Hirsch: Nonhypotensive doses of ACE inhibitors 
have already tsen shown to alter vascular and cardiac 
remodeling. Trese effects clearly appear to be mediaied 


by factors othe: than plasma angiotensin II, but none o? 


us has yet definitively determined that this mediato- is 
cardiac angiotensin IL 
Participant: Can you comment on potential difer- 
ences between ACE inhibitors and their tissue effects? 
Dr. Hirsch: Clearly, each of the many drugs availeble 
demonstrate a differing ability to penetrate and bind to 
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each tissue ACE. We are currently examining this tissue 
of “equipotent” inhibition in the heart and kidney. I am 
becomimg more convinced that plasma ACE inhibition 
for available agents will not predict their pharmacody- 
namic tissue effects. 

Dr. Cody: Is there another marker of the tissue renin 
system that can be measured to get an idea of specificity? 

Dr. Hirsch: There are many tools available now, but 
which is the best? We can measure the messenger RNA 
for each component and the enzymatic renin or ACE 
activity, but there is still a need for improved methods for 
differentiating angiotensin JI from angiotensin I and an- 
giotensin III. 

Dr. Cody: The implications are that ACE inhibitors 
might just be tke first generic way to get to the important 
role of carboxypeptidase in cardiovascular medicine. 

If one gives an ACE inhibitor, it blocks tissue ACE, 
and we infer that our observaticns are therefore extrapo- 
lated to the renin system. But it could be that the ACE 
inhibitors just happen to be tke best carboxypeptidase 
inhibitors that we have. If you give an ACE inhibitor 
and an angiotensin IJ antagonist in a model in which 
plasma renin is not a factor and find that the biologic 
effects are identical, then you can conclude that the ob- 
served response is an effect of blocking the renin system, 
rather than just a more generic carboxypeptidase effect. 
This may be tke best way to demonstrate in studies such 
as those which you are conducting, that the observed 
responses are not a generic car>oxypeptidase effect that 
just happens to be blocked by an ACE inhibitor. 


Neuroendocrine Activity in Congestive Heart 
Failure 


Gary S. Francis, MD 


The increased neuroendocrine activity in patients 
with congestive heart failure appears to be a gener- 
alized attempt to maintain blood pressure at the ex- 
pense of reduced cardiac performance and salt and 
water retention. It is likely that baroreceptor dys- 
function contributes to increased sympathetic ner- 
vous system activity in patients with congestive 
heart failure. The usual tonic inhibitory messages 
emanating from baro- and mechanoreceptors in the 
great vessels and heart fail to adjust sympathetic 
traffic from the brain to the periphery, leading to 
uninhibited sympathetic tone. Arginine vasopressin 
and plasma renin activity may be increased secon- 
darily; however, plasma renin activity activation 
could also be induced by a low-salt diet and diuretic 
use. Preliminary baseline data indicate that pa- 
tients with left ventricular dysfunction (ejection 
fraction <359%) but no or very mild symptoms of 
heart failure have increased plasma levels of nor- 
epinephrine, atrial natriuretic factor and arginine 
vasopressin, while plasma renin activity is normal, 
suggesting that neuroendocrine activity contributes 
to the pathogenesis of congestive heart failure. 
Neurohormones such as angiotensin Il may alter 
gene expression, leading to changes in the shape 
and size of the cell. Remodeling of the heart and 
blood vessels is associated with both heart failure 
and hypertension. Angiotensin-converting enzyme 
inhibitors have been demonstrated to retard or re- 
verse the remodeling process under certain experi- 
mental conditions. Studies are currently under way 
to test this possibility in patients. 

(Am J Cardiol 1990;66:33D-39D) 
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crine activity increases in anattempt to maintain blood 

pressure, even at the expense of increased blood vol- 
ume and reduced myocardial performance.! In the short 
term, this is achieved by increasing sympathetic drive to 
the heart and blood vessels, and in the long term by 
retention of salt and water.* The renin-angiotensin-aldo- 
sterone system is activated to support these processes? 
and arginine vasopressin (AVP) is released.4 Other un- 
identified or poorly characterized vasoconstrictor sub- 
stances, such as neuropeptide Y,° may also be released. 
As if to counterbalance these vasoconstrictor and sodium- 
retentive forces, a number of vasodilator and natriuretic 
substances are released. These include prostaglandin E, 
metabolites, dopamine’ and atrial natriuretic factor 
(ANF).® Preliminary data also suggest that endothelium- 
derived relaxation factor activity may be reduced in heart 
failure,? which might also contribute to the overall state 
of enhanced vasoconstriction. 

Some data suggest that increased levels of plasma 
norepinephrine!’ and ANF'' in patients with congestive 
heart failure are related to survival, the highest levels 
being associated with the poorest survival rate. Moreover, 
heightened sympathetic activity,!* excessive angiotensin 
IT levels!3 and increased AVP'* have become therapeutic 
targets, in some cases with marked success.'!3 ANF? and 
competitive inhibitors of its enzymatic degradation'® are 
also being explored as potential treatment agents for 
heart failure. Dopaminergic agonists have been devel- 
oped,” and agents that enhance endogenous prostacy- 
cline synthesis (thromboxane synthetase inhibitors) are 
being intensively studied. The somewhat frenetic pace in 
the drive to find new treatments for congestive heart 
failure is based in part on the perception that its incidence 
is increasing and that it has an unusually high mortality 
but is responsive to treatment.!3.!8.!9 

Despite the recent interest shown in neuroendocrine 
factors in heart failure, a number of crucial uncertainties 
remain to be explored. If neuroendocrine activity repre- 
sents biologic signals, it remains unclear how these signals 
are activated; when, in the natural course of left ventricu- 
lar dysfunction and subsequent heart failure, they are 
activated; and how processing of the signals influences 
cellular events, particularly within the left ventricular 
myocyte and smooth muscle cells. All that is known is 
that, if a snapshot of neuroendocrine activity in heart 
failure is taken, it shows increased activity, and a profile 
describing this activity at one point in time can be drawn. 
This article discusses how the signals might be activated, 
when in the natural course of heart failure the neuroendo- 
crine activity begins and how certain signals (norepineph- 
rine and angiotensin I) may possibly interact with the 
myocardial cell to alter protein synthesis and cell shape. 


|: patients with congestive heart failure, neuroendo- 
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PLASMA NOREPINEPHRINE 

It has been known for more than 25 years that plasma 
norepinephrine levels are increased? and myocardial tis- 
sue norepinephrine levels are reduced?! in patients wizh 
congestive heart failure. Initial interpretation of these 
responses was that they “may have an important support- 
ive role in such patients.”°- This interpretation was bas:d 
in part on observations? that interference with the sym- 
pathetic nervous system by the administration of gua- 
nethidine aggravated the heart failure in some patients ‘in 
New York Heart Association functional classes [IJ aid 
IV. More recent data have confirmed that plasma nore>i- 
nephrine is increased in patients with heart failure,??-? 
and, as originaly suggested,*> the clinical severity of 
heart failure is associated with baseline plasma noresi- 
nephrine levels.~° 

Direct microneurographic recordings of peroneal 
nerve activity have also demonstrated increased cent-al 
sympathetic activity te skeletal muscle in patients wth 
heart failure.’ K is likely that both increased norepineph- 
rine spillover and reduced clearance of norepinephrne 
from the plasma contribute to the increased baseline ləv- 
els found in patients with heart failure.® There is a great- 
er augmentation of plasma norepinephrine during exer- 
cise in patients with heart failure, in terms of absolate 
values, than in healthy control subjects, but a relative 
attenuation of plasma norepinephrine during exercise 
when expressed as a percentage of maximal oxygen cdn- 
sumption (VO, max).”’ High levels of synaptic cleft nor- 
epinephrine are thought to be responsible for reducec B- 
adrenergic receptor density in the heart through a process 
of down-regula-ion or desensitization,” contributing to a 
reduced responsiveness to 6-adrenergic agonists.*! De- 
spite this, respcnsiveness to calcium is preserved in the 
failing heart.?? 

Recent evid2nce indicates that down-regulation or de- 
sensitization of @-adrenergic receptors in cardiontyo- 
pathic hearts is reversible. Heilbrunn et al? treated a 
small group of patients with a G-adrenergic blocker (me- 
toprolol) and showed a significant increase in §-receptor 
adrenergic dersity over time, accompanied by an im- 
proved responsiveness to dobutamine. It remains tc be 
seen whether treatment with metoprolol or othe: p 
blockers will be useful in congestive heart failure. 

The cause of the increased spillover of norepinephzine 
in patients with heart failure is still not clear. Current 
evidence suggests an abnormality of baroreceptor finc- 
tion, resulting in a disturbance of afferent neural traffic 
from the heart and great vessels to the central nervous 
system. This daroreceptor dysfunction, the nature of 
which is unclear, reduces the usual tonic inhibitory sig- 
nals responsible for reducing central sympathetic traffic 
to the periphery.** The net result is a loss of the usual 
sympathetic inhibitior.. As a consequence, central sympa- 
thetic traffic is increased to the periphery, including skel- 
etal muscles. This has recently been verified by direct 
recordings of peroneal nerve traffic.” The barorecestor 
dysfunction appears to reverse after cardiac transplanta- 
tion. Moreover, drugs that sensitize the barorecestor 
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apparatus, such as digitalis, have been shown to restore 
baroreceptor responsiveness in patients with congestive 
heart failure and to lower sympathetic nervous system 
activity indep2ndent of reflex augmentation of cardiac 
output.*® Treatment with angiotensin-converting enzyme 
inhibitors alsc reverses this baroreceptor dysfunction to 
some extent.?’ 

Until recently, few data have been available on when, 
in the natural course of heart failure, the sympathetic 
nervous system. is activated. It is not clear whether it is 
activated as a consequence of the heart failure syndrome, 
or whether it is an early event that predates the onset of 
clinical signs and symptoms. Freliminary baseline data 
from SOLVD (Studies of Left Ventricular Dysfunction) 
suggest that plasma norepinephrine levels are increased 
in patients with left ventricular dysfunction (ejection 
fraction <35%) who do not hare signs and symptoms of 
heart failure requiring digitalis or diuretics. There 
is a further increment in plasma norepinephrine in pa- 
tients with overt signs and symptoms of heart failure 
that require treatment. These data suggest that the sym- 
pathetic nervous system is mildly activated early in the 
syndrome of asymptomatic lef: ventricular dysfunction. 
Definite proof of this hypothesis will require sequential 
measurements in a large population of patients over 
time. 

It is not known how the presumed long-term increase 
in norepinephrine at the synap-ic cleft alters myocardial 
cellular events. Specifically, how is the signal processed 
within the cell and what is the net result of the signal with 
regard to long-term changes in cell size and shape? Data 
from isolated neonatal rat myccardial cells indicate that 
norepinephrine, acting through the a)-adrenergic system 
and using the inositol 1,4,5,-tr.phosphate (IP3) and 1,2- 
diacylglycercl (DAG) pathways, increases the release of 
intracellular calcium and promotes the expression of cer- 
tain proto-or.cogenes.*? These proto-oncogenes presum- 
ably code for a number of different proteins that are 
important in the growth and development of the cell; 
these include proteins related to growth factors, growth 
factor receptors, certain protein kinases, guanine nucleo- 
tide regulatory proteins (G proteins) and various DNA 
site-specific enhancer and promoter proteins responsible 
for activation of RNA repl:cation. It is possible that in- 
creased norepinephrine concentration at the level of the 
cardiac myocyte is related {o the increased cell size (hy- 
pertrophy) szen in experimental and clinical congestive 
heart failure. The exact intracellular events leading to 
this process, however, have not been elucidated. 


PLASMA RENIN ACTIVITY 

In patiens with congestive heart failure, plasma renin 
activity is increased to highly variable levels that are 
related to tke state of compensation.*? Mechanisms 
thought to increase plasma renin activity include restric- 
tion of sodium in the diet, use of diuretics, a hyponatremic 
perfusate to the macula densa and reduced baroreceptor 
activity within the renal vasculature and increased sym- 
pathetic activity to the kidney. As with the sympathetic 
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FIGURE 1. Putative mechanism of angiotensin II (Aill)-induced growth and development of the cell. All appears to interact with a 
membrane-bound receptor (still poorly characterized) that activates the inositol 1,4,5-triphosphate (IP3) and 1,2-diacylglycerol 
(DAG) pathways. IP3 releases intracellular calcium (Ca**,)], while DAG appears to activate a species of protein kinase C (PKC). 
increased intracellular Ca?+ and PKC may act together to phosphorylate and thus activate certain DNA site-specific proteins. 
These DNA site-specific proteins possibly act on DNA as enhancers to initiate RNA polymerase Il activity, resulting in an in- 
crease in cellular mRNA. New proteins may be synthesized that represent the expression of proto-oncogenes (e.g., c-fos in vas- 
cular smooth muscle). Such proteins are likely important in the growth and development of the cell and might include growth 
factors, growth factor receptors, guanine nucleotide regulatory proteins (G proteins), PAC and other DNA site-specific proteins 
important in regulating transcription of new contractile proteins. Mechanical forces, such as unusual stresses and strains on the 
cell membrane, may also alter voltage-dependent Ca?+ channels, allowing for enhanced extracellular Ca2* to enter the cell, fur- 
ther augmenting the process of proto-oncogene expression. There may also be other, poorly characterized intracellular All re- 


ceptors, with varying biologic functions. 


nervous system, the renin-angiotensin system appears to 
be activated in an attempt to maintain blood pressure by 
promotion of peripheral vasoconstriction and retention of 
salt and water. 

Unlike plasma norepinephrine, plasma renin activity 
is relatively normal (i.e., 1 to 3 ng/ml/hr) in patients with 
minimally symptomatic or asymptomatic left ventricular 
dysfunction.38 Most of the increase in plasma renin activi- 
ty in patients with mild congestive heart failure can be 
accounted for by diuretic treatment or sodium restriction 
in their diets. However, patients who are overtly ill with 
clinical symptoms of heart failure develop marked activa- 
tion of the renin-angiotensin system.*! 

Angiotensin II plays an important role in the growth 
and development of cells.4* Recent data*?-* suggest that 
angiotensin H acts on a membrane-bound receptor to 
activate the IP; and DAG pathways, leading to increased 
intracellular calcium and activation of protein kinase C. 
Protein kinase C then phosphorylates other proteins that 
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interact with DNA as enhancers or promoters of RNA 
transcription. The net result in smooth muscle is an in- 
crease in c-fos mRNA concentrations.*© These proto- 
oncogenes (c-fos, c-myc and others) code for proteins 
intimately related to cell growth and development. It is 
also possible that angiotensin II interacts with nuclear 
receptors independent of the IP; and DAG pathways. 
One possible result of these intracellular events is an 
increase in protein synthesis, including transcription reg- 
ulatory proteins, contractile proteins (hypertrophy) and 
growth and development regulatory proteins (hypertro- 
phy). It is also possible that angiotensin IJ within the 
tissue intensifies the release of norepinephrine from sym- 
pathetic terminals.“ Augmented norepinephrine release 
might further stimulate the expression of proto-onco- 
genes related to cellular growth and development. Figure 
1 depicts a possible schema whereby angiotensin II may 
stimulate the synthesis of proteins related to cell growth 
and development. 
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ATRIAL NATRIURETIC FACTOR 

ANF is a peptice that is synthesized and stored in “he 
myocardium and released primarily in response to in- 
creased atrial stretch.** Other signals can probably ini- 
tiate the release of stored ANF (e.g., rapid heart rate), 
and it is likely that both the atria and ventricles can 
respond to the release stimuli.’ It has been presumed 
that since increased right atrial pressure is a potent stimu- 
lus for the releese of ANF, circulating ANF might in- 
crease in patients with mildly symptomatic or asymptcm- 
atic heart failure, despite the absence of overt signs end 
symptoms of heart failure. Preliminary baseline data? 
substantiate this suggestion. A twofold increment in cir- 
culating ANF was found in patients with asymptometic 
or mildly symptomatic left ventricular dysfunction. A 
further increment in circulating ANF levels has been 
found in patients with overt congestive heart failure: It 
thus seems likely that ANF is released early in the course 
of mild congestive heart failure, probably when filLng 
pressures begin to rise but before the appearance of signs 
or symptoms. 

The intzacel_uler activities after ANF stimulation are 
complex and still not entirely understood. There appear 
to be at least two different ANF receptors on smooth 
muscle cells. The ANF; receptor is linked to particulte 
guanylate cyclase ana is primarily responsible for the 
generation of the second messenger cyclic-guanine mono- 
phosphate (GMP) from cyclic-guanine triphosphate 
(GTP). Crclic-GMP appears to activate a cyclic-GL4P 
kinase, which in turn phosphorylates a specific protein 
that appears to dephosphorylate the myosin light chain, 
which in turn lsads tc relaxation of the smooth muscle 
cell.5° The ANF; receptor, which is not linked to particu- 
late guanylate cyciase, may serve a clearance or storage 
function.>! 

As wita plasma norepinephrine, high plasma ANF 
levels have been associated with shortened surviva. in 
patients with chronic heart failure.!! However, it is not 
clear whether high levels of circulating ANF have irde- 
pendent prognostic power or if they are simply markers of 
other disturbances in circulatory homeostasis and do not 
directly ccntribute to a poor prognosis. 


ARGININE VASOPRESSIN 

A number of laboratories have reported high leveb of 
circulating AVP in patients with congestive heart failare. 
The precise stimulus for the release of AVP from the 
posterior pituitary gland is not understood, but appears to 
be primarily due to nonosmotic factors. As with plasma 
norepinephrine, it is possible that baroreceptor auton2m- 
ic dysfunction contributes to heightened AVP levels.-4 It 
is also possible that high circulating levels of angiotensin 
II stimulate the release of AVP. Many patients with 
severe heart failure have AVP levels disproportionate to 
the degree of serum osmolality (i.e., the circulating levels 
of AVP are higher than expected for the degree of serum 
osmolality). 

Some baseline data’? indicate that plasma AVP levels 
are significant.y increased in asymptomatic or madly 
symptomatic patients with left ventricular dysfunction. A 
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further increment is found in patients with overt conges- 
tive heart failure. Therefore, as with plasma norepineph- 
rine and ANF levels, it appears as though the AVP in- 
creases occur early in the natural course of congestive 
heart failure, before the onset of overt signs and symp- 
toms. One possibility is that the increased AVP 1s partly 
in response to the antagonistic effects of ANF on the 
renal response to AVP (i.e., renal AVP receptors may be 
blocked by ANF’, thus creating the perceived need for 
higher AVP levels (Steven Goldsmith, personal commu- 
nication). 

The cellular events in the kidney and vascular smooth 
muscle after stimulation by AVP are complex and not 
well understccd. There appear to be at least 2 types of 
AVP receptars in the peripheral vasculature that sub- 
serve both vasoconstriction and vasodilation.°? These re- 
ceptors appear to be linked to the IP; and DAG signal- 
processing sys-ems. The domirant effect of AVP on the 
peripheral vasculature is to he:ghten resistance, but this 
apparently depends on the regional vascular bed involved 
and the type of AVP receptor engaged. AVP is also 
known to have vagotonic effects and perhaps direct nega- 
tive inotropic prcperties. Its influence on the kidney is 
primarily to reduce the clearance of free water and thus 
maintain a normal osmolality. AVP also appears to have 
important influences on the brain and other tissues, but 
these have not bean intensively studied. As long as there 
remains the pctential to use AVP antagonists in the treat- 
ment of heart failure,” interest in AVP will persist. 


ENDOTHELIAL RELAXATION FACTOR AND 
ENDOTHELIN 

Endothelial relaxation factor (EDRF) and endothelin 
are importart peptides that regulate smooth muscle re- 
laxation (EDRF) and contraction (endothelin). Many 
signals will release EDRF from endothelial cells, includ- 
ing acetylchcline, histamine, ttrombin and adenosine tri- 
phosphate.>* Moreover, changes in blood flow appear to 
release EDRF.*° EDRF probably is nitric oxide, which 
activates soluble guanylate cyclase, which in turn is partly 
responsible for converting GT? to cyclic-GMP. The net 
result is the depnosphorylation of myosin light chains, 
which leads to relaxation of smooth muscle cells (an 
action similar to that of ANF). Recent evidence from an 
experimental model of heart failure’ suggests a deficien- 
cy of EDRF in cangestive heart failure. This is an area of 
intense research activity, both m the context of congestive 
heart failure and systemic hypertension. 

Endothelin is a recently described peptide>® that ap- 
pears to have at least three different isoforms and is the 
most potent smocth muscle-contracting substance yet de- 
scribed. It is prirnarily an autocoid, so that it is synthe- 
sized, released and acts locally. Recent preliminary 
data>’ indicete that circulating levels of endothelin are 
increased in hypertensive pati2nts, and unpublished ob- 
servations incicate that they may also be increased in 
patients with congestive heart failure (J. C. Burnett, per- 
sonal communication). Much less is known about the 
signals that stimulate endothelin release, and its biologic 
activity on smoota muscle cells is still being investigated. 


Endothelin acts on a specific high-affinity receptor,>* and 
is not an endogenous agonist for voltage-dependent calci- 
um channels, as originally hypothesized. Endothelin ap- 
pears to act through the IP; and DAG pathways,5?-6! as 
do angiotensin II and AVP, but the contraction induced 
by endothelin is more persistent.®? 


CONCLUSIONS 

The clinical syndrome of congestive heart failure is 
characterized by activation of an array cf neuroendocrine 
systems. We are just beginning to understand the signals 
that stimulate neuroendocrine activity; baroreceptor dys- 
function probably makes an important contribution. It 
appears that some neuroendocrine stimulation, including 
the sympathetic nervous system, ANF and AVP, occurs 
early in the natural course of heart failure. Plasma renin, 
on the contrary, is normal in patients with asymptomatic 
or mildly symptomatic left ventricular dysfunction, but 
appears to be subsequently activated in large measure by 
a sodium-restricted diet and use of diuretics. In advanced 
heart failure, renin is released by numerous mechanisms, 
including salt restriction, diuretic treatment, barorecep- 
tor dysfunction, hyponatremic perfusate to the macula 
densa, reduced renal blood flow and heightened sympa- 
thetic activity to the kidney. 

Perhaps the most exciting observations concern the 
potential for angiotensin IJ and norepinephrine to pro- 
mote gene expression. Protein synthesis in both cardiac 
myocytes and smooth muscle cells appears to be en- 
hanced via complex intracellular pathways that are just 
beginning to be understood. The possible result of this 
activity is a change in the growth and possibly the shape 
of the cells. Hypertrophy and remodeling of the cardiac 
myocyte and vascular smooth muscle that subsequently 
ensue may be critical events in the development of heart 
failure and hypertension. Preliminary data from animal 
models suggest that inhibition of the angiotensin-convert- 
ing enzyme may retard the hypertrophic process in both 
heart failure®? and hypertension.®* It is possible that 
treatment with angiotensin-converting enzyme inhibitors 
will eventually prove useful in the prevention of cellular 
remodeling, thus changing the natural course of the dis- 
ease process. 
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DISCUSSION 

Participant: Dr. Francis, you have shown the effect of 
angiotensin IT on cellular activicy in the myocardium and 
vascular smooth muscle. How does that relate to the other 
actions of angiotensin II on the kidney or adrenal gland? 
How do thesz cellular signals interrelate? 

Dr. Gary Francis (Minneapolis, Minnesota): We do 
not know. We do know that angiotensin IJ is acting 
through the IF; and DAG pathways, at least with regard 
to surface membrane receptors. Data now suggest that 
there may be angiotensin IJ receptors within the cell, and 
there is the possibility that angiotensin II may interact 
indirectly witt nuclear receptors. The processing of that 
signal is not known, nor is it known what the biologic 
consequence cf it is going to be. These schematograms 
simply deal with the conventional membrane-bound an- 
giotensin H receptor system. 

Dr. Karl Swedberg (Gothenburg, Sweden): What is 
the effect of angiotensin II activity on, for example, the 
interstitial myocyte? 

Dr. Francis: There is growing interest in the intersti- — 
tium. The genes that code for collagen have not been 
clearly identified, and we do rot know what the signals 
are. There Coes appear to be a temporal discordance 
between the increase in the size of the myocyte and the 
increase in collagen tissue. Early on, there is an increase 
in the collagen type that has por tensile strength. Later 
the myocyte itself tends to increase in size. The last thing 
that happens is that there are increases in the thick colla- 
gen fibers of great tensile strength. Whatever the signal 
is, the respons» to the signal seems to be at least temporal- 
ly dissociated between the collagen and the myocyte, 
which would suggest that different processes are probably 
involved. 

Dr. Swedherg: If you wanted to measure neuroendo- 
crine activation, which hormcnes would you study? 

Dr. Francis: Our own experience has been that norepi- 
nephrine prcvides the most important prognostic infor- 
mation. In tracking these neurohormones sequentially, 
there is more “noise” in the rerin activity, which seems to 
vary enormously, depending on the clinical status of the 
patient. Of course, recently, all patients seem to be receiv- 
ing angiotensin-converting enzyme (ACE) inhibitors, so I 
no longer know how to interpret the data. 

Dr. Jay Cahn ‘Minneapolis, Minnesota): The correla- 
tion between plasma renin and norepinephrine in heart 
failure is so poor that it is obvious that the renin system is 
responding to something else. It has been our contention, 
based on the response to vasodilators, that the barorecep- 
tor in the kidney remains functional in heart failure, and 





that as the blood pressure decreases, the renin level in- 
creases because of the intrarenal baroreceptor mecha- 
nism. In contrast, the carotid/aortic baroreceptor re- 
sponse is inhibited, so norepinephrine will not rise, but 
renin will. I think the renin system is responding indepen- 
dently of the sympathetic nervous system at this stage. 
Norepinephrine is probably the most sensitive marker of 
early neurohormonal activation, and it would be surpris- 
ing to see atrial natriuretic peptide (ANP), renin or atrial 
natriuretic factor (ANF) stimulated without the sympa- 
thetic nervous system being stimulated first. 

Participant: We know that if a patient is given a 
diuretic and the atrial pressure decreases, ANP levels 
should also decline. This is not true with norepinephrine. 
In a stable patient with heart failure given diuretics, the 
norepinephrine level remains elevated. 

Participant: Is that good or bad in terms of prognosis? 

Participant: My belief is that diuretics do not change 
the prognosis, but do change ANF levels, which would 
make me suspect that ANF in a treated patient is not a 
valuable guide to prognosis. 


Response to Stress 

Dr. Swedberg: Should we stress the system more fre- 
quently and measure neuroendocrine activation? 

Dr. Cohn: Exercise, tilt and vasodilators are all stress- 
es to the system, and these have been studied. Dr. Francis, 
do we know whether the patient with heart failure has a 
diminished or an enhanced response to exercise in terms 
of the sympathetic nervous system? 

Dr. Francis: It depends on how the data are analyzed. 
You can stress these systems, and many patients will 
respond. I am convinced that the lack of response gives us 
predictive information about a patient. If you vasodilate, 
tilt or exercise the patient, and he or she is unable to 
mount much of a neurohormone response, that portends a 
poor prognosis for the patient. 

Participant: One study that needs to be done is to look 
sequentially at treatment to determine whether it symp- 
tomatically improves the response of the neurohormonal 
system to the stress, and whether that is prognostic. 

Dr. Robert Cody (Columbus, Ohio): In a paper we 
published in Circulation (Cody et al. 1982;66:135-141), 
which was actually one of the first studies of an angioten- 
sin-converting enzyme (ACE) inhibitor in patients with 


heart failure, we looked at responses to tilt, cold pressor 
tests and Valsalva maneuver at baseline and after 2 
months of captopril therapy, and showed that the sympa- 
thetic responses (and parasympathetic, too, in terms of 
the Valsalva maneuver) did improve with ACE inhibitor 
treatment. In other words, the magnitude of heart rate 
and blood pressure response to cold pressor test was much 
more like normal after 2 months of ACE inhibition than 
it was at baseline. The response to the Valsalva maneuver 
tended to normalize after 2 months, and the heart rate 
response to tilt improved. At the time, I thought it was 
stretching a point to say that these were direct effects of 
ACE inhibitors, rather than effects of treating the heart 
failure. But there is increasing evidence to suggest that 
there is an ACE inhibitor effect, that is, a direct effect of 
blocking angiotensin II. On presynaptic release of norepi- 
nephrine, there are also some data to suggest that 8- 
receptor density on lymphocytes changes during treat- 
ment with ACE inhibitors. 

Dr. Cohn: My concern is that if you condition patients 
with heart failure, their plasma norepinephrine levels de- 
cline, and I would suspect that their reflex responsiveness 
would also improve. We do not know how much of what 
we are seeing is secondary to just giving a sedentary 
person a treatment that makes him or her feel better; he 
or she becomes more active and consequently normal 
reflexes are restored. The response may not relate directly 
to the therapy used. 


Baroreceptor Activity 

Participant: Dr. Francis suggested that baroreceptor 
activity is the most likely signal that triggers the neuro- 
hormones. Do we know which baroreceptors are responsi- 
ble for activating the renin-angiotensin system? 

Dr. Alan Hirsch (Boston, Massachusetts): The an- 
swer is complex. There is no question that both animal 
models and patients with heart failure demonstrate blunt- 
ed responses to changes in cardiopulmonary baroreceptor 
loading conditions. Similar changes in arterial barorecep- 
tor function have also been noted. The failing heart has a 
less responsive afferent sensing system and may not ap- 
propriately inhibit medullary sympathetic outflow. Final- 
ly, end-organ responses such as heart rate or forearm 
vasoconstriction may also be blunted with severe heart 
failure. 
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Effects of Enalapril and Neuroendocrine 
Activation on Prognosis in Severe Congestive 
Heart Failure (Follow-Up of the CONSENSUS 

Trial) 


Karl Swedberg, MD, Peter Eneroth, MD, Jahn Kjekshus, MD, and Seve Snapinn, PhD, for the 
CONSENSUS Trial Study Grcup 


This study enrolled 253 patients with severe heart 


failure (New York Heart Association functional 
class IV) from 35 centers in Scandinavia, randomly 
assigned to treatment with placebo or enalapril, in 
addition to their usual treatment for heart failure. 
After an initizi titration period, the daily doses of 
enalapril ranged from 2.5 to 40 mg. At the end cf 
the trial, 46% of the placebo-treated patients and 
61% of the exalapril-treated patients were alive 
(p = 0.003); tne survival figures at 8 months after 
completion of the trial were 32 and 48%, respec- 
tively (p = 0.001); and 21 and 30%, respectively 
(p = 0.0068) ai the 2-year follow-up. In the placebo 
group, there was a significant positive association 
between mortality and baseline levels of norepi- 
nephrine, episephrine, angiotensin Il, aldosterona 
and atrial natriuretic peptide; no such association 
was found in ihe enalapril-treated patients. The -e- 
sulis suggest that the effects of enalapril on morial- 
ity are related to a counteraction of the neuroendo- 
crine activatien in general and to the renin-angico- 
tensin system in particular. 

(Am J Cardiol 1990;66:40D-45D) 
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severe congestive heart Zailure! is related to myo- 

cardial function? but the reason for the progres- 
sive myocardial deteriozation observed in some patients is 
not demonstrated by indices of systolic myocardial func- 
tion. Intramyocardia] s-ructural or metabolic changes are 
probably important, ard compensatory systems, such as 
the sympathetic and renin-angiotensin systems, could 
also have adverse effects on prognosis. In order to im- 
prove prognasis, treatments should directly or indirectly 
affect these adverse compensatory mechanisms. We have 
previously reported beneficial effects of treatment with £- 
adrenergic blockers in idiopathic dilated cardiomyopa- 
thy.? 

The CONSENSUS trial* demonstrated a clear re- 
duction in mortality among patients with severe conges- 
tive heart failure after the addition of the angiotensin- 
converting enzyme (ACE) inhibitor enalapril. We have 
recently reported data on neuroendocrine activation in 
these patients.’ In this article, we report further prognos- 
tic relations with neuroendocrine activation observed in 
the CONSENSUS trial. 


T= poor long-term pregnosis for patients with 


MATERIALS AND METHODS 

The study design and inclusion criteria have been 
reported previously.* At 35 centers in Scandinavia, 253 
patients with severe heart failure (New York Heart Asso- 
ciation functional class IV) were randomly assigned to 
placebo (n = 126) or enalapril (n = 127), in addition to 
their conventional treatment for heart failure. All pa- 
tients were receiving diuretics (the mean daily furose- 
mide dose wes 210 mg’, 94% were receiving digitalis, and 
50% vasodilators (except ACE inhibitors). After initial 
titration, the dose of enalapril ranged from 2.5 to 40 mg 
daily. The 6-month mortality, calculated from life-table 
analysis, was 48% in the placebo group and 29% in the 
enalapril grcup. At the end of the trial (December 15, 
1986), open therapy with enalapril was recommended for 
all patients. 

Blood samples: Blood samples for baseline assess- 
ment of hormone levels were drawn from the patients 
after they had rested for 30 minutes in the supine posi- 
tion. Blood samples w2re not dbtained from 14 patients 
for various reasons. Thz overal results have been present- 
ed elsewhere.’ 

Hormone analysis: All hormone concentrations were 
determined at the same laboratory, and samples from 
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FIGURE 1. Mortality in the placebo-treated patients with 
baseline norepinephrine levels above and below the median 
and in placebo- and enalapril-treated patients with baseline 
norephinephrine levels above the median (p <0.001 in the pla- 
cebo group). 


each patient were analyzed in one assav. Analyses could 
not be conducted for every patient because of lack of 
sufficient amounts of blood. 

Norepinephrine and epinephrine were measured in 
EDTA-plasma by a radioenzymatic method,® using kits 
from Amersham UK. The intra- and interassay coeffi- 
cients of variation were below 19 and 31%, respectively. 
Reference values in the laboratory were 484 + 318 pg/ml 
for norepinephrine and 132 + 112 pg/ml for epinephrine. 
The median values were 462 and 126 pg/ml, respectively. 

Aldosterone was measured by radioimmunoassay ac- 
cording to the procedure described by Walsh et al,’ using 
kits from Diagnostic Products Corp. (Los Angeles, Cali- 
fornia). Cross-reactions with related steroids were negli- 
gible (e.g., 18-hydroxycorticosterone, <0.05%; cortisol, 
<0.005%; and spironolactone, <0.08%). Intra- and inter- 
assay coefficients of variation were 7 and 10%, respective- 
ly. The laboratory reference value was 404 + 208 pmol/ 
L; median, 363 pmol/L (1 ng/dl = 27.8 pmol/L). 

Angiotensin II in EDTA-plasma was measured by 
radioimmunoassay as described by Nussberger et al,® 
with kits from Buhlman Laboratories AB (Basel, Swit- 
zerland). The intra- and interassay coefficients of varia- 


tion were 9 and 14%, respectively. The laboratory refer- 
ence value was 20 + 7 pg/ml (median, 16 pg/ml). 
ACE activity was determined in serum by a radioen- 
zymatic method,” !° using kits from Buhiman Laborato- 
ries.!! The intra- and interassay coefficients of variation 
were 6 and 8%, respectively. The laboratory reference 
value was 25 + 12 U/min - L (median, 28 U/min - L). 
Atrial natriuretic peptide (ANP) in EDTA-piasma 
was measured by radioimmunoassay with kits from Im- 
munotechnology Service (Wycken, The Netherlands), as 
previously described.!2 Intra- and interassay coefficients 
of variation were 8 and 13%, respectively. The laboratory 
reference value was 57 + 21 pg/ml (median, 47 pg/ml). 
Follow-up: A questionnaire was distributed twice to 
all investigators asking about the survival status of all 
patients at 8 months and 2 years after the conclusion of 
the CONSENSUS trial, on December 15, 1986. 
Statistical methods: The relation between hormone 
levels and mortality was tested with logistic regression 
models using continuous hormone values. The log-rank 
test was used to compare the mortality experiences of the 
two treatment groups and for subgroups of patients ac- 
cording to baseline hormone levels. The follow-up data 
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FIGURE 2. Mortality in the placebo-treated patients with 
baseline epinephrine levels above and below the median and in 
placebo- and enalapril-treated patients with baseline epineph- 
rine levels above the median (p = 0.001 in the placebo group). 
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A SYMPOSIUM: ACE INHIBITION IN CONGESTIVE HEART FAILURE 
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FIGURE 3. Mortality in the placebo-treated patients with 
baseline angiotensin Ii levels above and below the median and 
in placebo- and enalapril-treated patients with baseline angio- 
tensin Îl levels above the median (p <0.05 in the placebo 
group). 


were calculated according to life-table techniques.” In 
the long-term follow-up, the fact that the code was tro- 
ken at the end of the trial was ignored. 


RESULTS 

Figures 1 to 5 show that in the placebo group there 
was a significant positive relation between mertality end 
baseline levels of norepinephrine (p <0.001), epinephrine 
(p = 0.001), angiotensin II (p <0.05), aldosterone 
(p = 0.002) and ANP íp = 0.003). The highest mortaity 
was observed in patients with the highest hormone lerels 
(quartile 4): mcrtality ranged from 57% (aldosterone: to 
68% (ANP) in quartile 4. No relation between hormone 
levels and mortality was found in the enalapril group; the 
reduction in mortality from placebo to enalapril treat- 
ment was consistently largest in quartile 4, ranging from 
—50% (ANP) to —67% (aldosterone). 

Figure 6 shcws mortality in the placebo and enalapril 
groups by baseline hormone levels of norepinephrine 
(there were about 58 patients in each quartile). For the 
placebo group, patients with hormone levels above the 
median had significantly higher mortality than patients 
with hormone levels below the median. The same corsis- 
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FIGURE 4. Mortality in the placebo-treated patients with 
baseline aldosterone levels above and below the median and in 
placebo- and eralapril-treated patients with baseline aldoste- 
rone levels above the median (p = 0.002 in the placebo group). 


tent pattern was observed for epinephrine, angiotensin IT, 
aldosterone and ANP. 

Serum electrolyte and creatinine levels were also com- 
pared in the two groups (Figures 7 to 9). Patients with low 
sodium or high creatinine levels had significantly higher 
mortality, and their prognoses were significantly im- 
proved by enalapril. 

Follow-up: During follow-up, approximately 80% of 
patients in both groups were openly treated with enala- 
pril. The proportions of patients surviving at the end of 
the trial were 46% of 126 in the placebo group and 61% of 
127 in the enalapril group (p = 0.003); at the 8-month 
follow-up, 32% of the placebo group and 48% of the 
enalapril grous (p = 0.001); ard at the 2-year follow-up, 
21% of the placebo group and 30% of the enalapril group 
(p = 0.006). 


DISCUSSION 

The results of the present trial confirm the observation 
of Cohn et al!l? that norepinephrine levels are a guide to 
prognosis in patients with severe heart failure not treated 
with an ACE inhibitor. They also support the findings of 
Gottlieb et al!* of an increase in ANP levels as a marker 
of increased mortality. We were also able to demonstrate 
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FIGURE 5. Mortality in the placebo-treated patients with 
baseline atrial natriuretic peptide levels above and below the 
median and in placebo- and enalapril-treated patients with 
baseline atrial natriuretic peptide levels above the median 

(p = 0.003 in the placebo group), 
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FIGURE 6. Mortality in the placebo- and enalapril-treated pa- 
tients, by baseline norepinephrine levels expressed in quar- 
tiles. 


the same pattern for epinephrine, angiotensin IT and aldo- 
sterone. 

Lee and Packer! have reported a positive association 
between hyponatremia and survival in patients with se- 
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FIGURE 7. Mortality in the placebo- and enalapril-treated pa- 
tients with baseline serum sodium levels below and above the 
median (138 mmol/L) (enalapril versus placebo group, low, 

p = 0.004; high, p = 0.13). 
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FIGURE 8. Mortality in the placebo- and enalapril-treated pa- 
tients with baseline serum potassium levels below and above 


the median (4.1 mmol/L) (enalapril versus placebo group, low, 
p = 0.03; high, p = 0.005). 
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FIGURE 9. Mortality in the placebo- and enalapril-treated pa- 


tients with baseline serum creatinine levels below and above 
the median (123 ,mol/L) (enalapril versus placebo group, low, 
p = 0.10; high, p = 0.004). 


vere chronic heart failure. Our data support their obser- 
vations. The hyponatremic patients had a significantly 
higher mortality, and patients with serum creatinine lev- 
els above the median had a higher mortality, which was 
significantly decreased by enalapril. This finding is in 
contrast to that of Packer et al'® who reported a deterio- 
ration in renal function in patients treated with enalapril. 
However, we used lower enalapril doses titrated to an 
optimal level starting at 2.5 mg daily, whereas they used a 
fixed regimen of 20 mg twice a day (40 mg daily). 
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The variations in neuroendocrine activation observed 
in our patients could have several explanations. Hemocy- 
namic status is probably important because of the pa- 
tients’ need for compensatory activation of periphe-al 
vascular mechanisms to maintain organ perfusion. The 
intensity of the treetment may also play a role. Diuretics 
increase plasma renin levels in previously untreated 3a- 
tients with heart failure.!? Since all our patients w2re 
receiving diuretics, it is not possible to determine tleir 
effects on neuroendocrine activation. 

We were only able to assess the effects of enalapril on 
6-month mortality in patients with pronounced activation 
of the neuroendocrine systems. The effects in patients 
with less activation cannot be evaluated from our data 
because of the small sample size. 

Neurohumoral activation may unfavorablv affect zhe 
clinical status of patients with heart failure by lowering 
cardiac pe-formance, causing sodium retention and 20- 
tassium depletion and reducing the capacity of the pe- 
ripheral vessels to dilate during exercise.'S Enalapril 1as 
been shown to have beneficial effects on symptomatologv 
in heart failure,!? but it is not clear whether this effect is 
related to plasma neuroendocrine hormone levels. The 
beneficial 2ffec:s cf enalapril on mortality were seen for 
at least 2 yzars [rom randomization. This was true in spite 
of a large crosscver to open enalapril after the end of bind 
therapy. The effecis beyond 2 years are unclear from zhis 
trial, 


CONCLUSION 

There is a marked but variable neuroendocrine act.va- 
tion in severe heart fai:ure, and we demonstrated a signif- 
icant relation between this activation and mortélity 
among the placebo-treated patients. Mortality was re- 
duced by enalapril, primarily in patients with the most 
marked neuroendocrine activation. The results suggest 
that the reduction in mortality correlates with the inkibi- 
tion of neuroendocrine activation and of the renin-angio- 
tensin system in particular. 
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DISCUSSION 

Dr. Robert Cody (Columbus, Ohio): Dr. Swedberg, 
you reported that the patients with the highest serum 
creatinine levels had the best response to enalapril. What 
was their median creatinine level? 

Dr. Karl Swedberg (Gothenburg, Sweden): The me- 
dian serum creatinine level was 123 pmol/L (1.4 mg/dl). 
In the early part of the trial, patients with serum creati- 
nine levels above 255 pmol/L (2.5 mg/dl) were excluded; 
this was later raised to 300 „mol/L (3.3 mg/dl). Patients 
were withdrawn if their serum creatinine levels increased 
to more than 309 umol/L (3.3 mg/dl). 

Participaat: The median creatinine level is very good 
for 70-year-old patients with class IV heart failure. 

Dr. Swedberg: Yes, but it does not tell you much 
about the patients’ actual renal function. Increased serum 
creatinine levels in 75-year-old patients indicate poor re- 
nal functior. 

Dr. Gary Francis (Minneapolis, Minnesota): It is re- 
markable that the mean creatinine level was so low in this 
aging population. It is also intriguing that the systolic 
blood pressure in these very sick patients averaged 120 
mm Hg. 

Dr. Swedberg: I agree; .J would have expected the 
patients to have lower blood pressures. However, these 
patients had a very high mortality. Systolic blood pres- 
sure was significantly related to the combined activation 
of all the hormones. Patients with more activated neuro- 
endocrine systems had lower blood pressures, but the 
difference was not marked. It is possible that, because of 
investigator bias, patients with low pressures were exclud- 
ed from the study. 

Dr. Cody: I wonder if there was also an age effect. The 
patients had a mean age of 70, which suggests that a 
number of them were wel into their seventies, or even 
older. 

Dr. Swedberg: I want to emphasize that this is the 
profile of the heart failure pcpulation in the community; 
they are older. 


Participant: One criticism of many clinical trials is 
that they exclude older patients, so we do not have much 
data on them. The downside, of course, is the older they 
are, the more likely they are to die. 

Participant: You report classifying your patients into 
quartiles, which raises a sensitive question, and that is the 
possibility of a beta error. If you study the relationship 
between treatment response and low quartiles versus high 
quartiles on many of these factors, you have a very low 
power to detect a difference. 

Dr. Swedberg: I agree that the statistical power is low 
for subgroups, and particularly for subgroups with mor- 
tality below median levels. That is why we let the data tell 
us where to make the separation. We only used quartiles 
or medians and no arbitrary divisions or values taken 
from other trials. Moreover, in the statistical tests, we 
used continuous variables when the association between 
hormone levels and mortality in the two treatment groups 
were compared. It is also important to look at the whole 
picture, and our findings were consistent with those of 
previous studies. 

Participant: Were there any differences in duration of 
hospitalization? 

Dr. Swedberg: The problem here, of course, is that so 
many more patients in the placebo group died, that the 
total hospital days are greater in the enalapril group. If 
you calculate hospitalizations per patient-year observed, 
there was a significant reduction in the hospital stay 
among the treated patients. An important aspect in any 
- mortality trial is that the groups become unbalanced im- 
mediately; it is difficult to evaluate any nonmortality end 
point in a trial with so many deaths. 

Participant: You have raised an important concern 


about the interpretation of data. The data on the quartiles. 


you present almost lead to the conclusion that enalapril 
has an adverse effect in the low neurohormone group, 
which might encourage people to use the neurohormones 
as a marker for patients that should be treated. The 
danger is that at these low neurohormonal levels, we are 
dealing with such a low-risk group that you have no 
power to measure efficacy. If you are designing a study to 
assess treatment efficacy, it would be far more effective to 
exclude the low-risk patients according to their neurohor- 
monal levels. If you want to study mortality, you look at 
the high-risk group and forget the low-risk patients. I am 
not sure that we shall ever have a data base large enough 
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to evaluate mortality in the low-risk group. 

Dr. Jay Cohn (Minneapolis, Minnesota): Of course, 
people will say, “If you have to study 10,000 people to 
find a treatment effect, it must be a very small effect.” Is 
it worth treating 10,000 people with enalapril in order to 
save a few lives? 

Dr. Swedberg: We use indications like that in hyper- 
tension treatment. 

Dr. Cohn: Yes, but that is being questioned now. The 
days of identifying persons with a diastolic pressure 
greater than 90 mm Hg and giving drugs to all of them 
are probably over. No one has even suggested that the 
quality of life of a hypertensive patient is improved by 
lowering blood pressure. We believe the quality of life is 
being improved with ACE inhibition therapy in patients 
with heart failure, but the traditional view of antihyper- 
tensive therapy is that you cannot make an asymptomatic 
person feel better. All you can do is prolong life, and if you 
are not prolonging life, then why treat these asymptomat- 
ic people? 

Dr. Alan Hirsch (Boston, Massachusetts): An associ- 
ated question concerns the appropriate use of 6-blockers 
after myocardial infarction. Are we in fact treating large 
numbers of these patients to achieve the expected de- 
crease in long-term mortality? 

Dr. Swedberg: It is a very cost-effective treatment, 
much more cost-effective than the treatment of moderate 
hypertension. 

Participant: Dr. Swedberg, what are the implications 
of your findings? 

Dr. Swedberg: The interesting question is why the 
neuroendocrine system is activated in heart failure. It 
seems unrelated to the symptomatology, which is surpris- 
ing since the symptomatology is closely related to the 
hemodynamic derangement. Another interesting finding 
was that the counteraction of the neuroendocrine activa- 
tion was closely related to survival. It seems to be impor- 
tant to expose patients to even a small dose of enalapril, 
because 20% of them received 5 mg or less a day. We do 
not know the optimal dose, but we do know that even this 
small dose in heart failure patients will lower plasma 
ACE levels significantly. I conclude that our data support 
the notion that is is the actual ACE inhibition, and not 
merely the unloading, that is important, because ACE 
inhibition so consistently reduced neuroendocrine activa- 
tion and mortality. 
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Introduction—Technetium-99m Myocardial 
Perfusion Imaging Agents and Their Relation h 
Thallium-201 


Daniel S. Berman, MD 


Ithough thallium-201 (Tl-201) has excellent 
A posites characteristics for imaging myocar- 

dial perfusion and viability, its low energy (68 to 
80 keV) is suboptimal for scintillation camera imaging, 
and its relatively long half-life (73 hours) Tesults in subop- 
timal radiation dosimetry. To circumvent these limita- 
tions, investigators have attempted for over a decade to 
develop a myocardial perfusion agent labeled with tech- 
netium-99m (Tc-99m), a tracer with ideal physical prop- 
erties for scintillation camera imaging (monoenergetic 
gamma of 140 keV and 6-hour half-life). This search met 
with success in 1982, when the group at the Peter Bent 
Brigham Hospital announced the development of Tc- 
99m isonitriles.! In the experimental animal, the myocar- 
dial uptake of these agents was shown to be proportional 
to the regional myocardial blood flow. More recently, 
another group of Tc-99m-labeled tracers, called boronic 
acid adducts of technetium dioximes (BATO com- 
pounds), were demonstrated to have high myocardial ex- 
traction with subsequent myocardial concentration also 
proportional to regional perfusion.” As of 1990, radio- 
pharmaceuticals from both of these classes have been 
submitted to the Food and Drug Administration for ap- 
proval, offering the promise that in the near future they 
will be available for routine clinical use. 


- TECHNETIUM-99m-LABELED ISONITRILES 


Of multiple Tc-99m-labeled isonitrile compounds, 3 
have been applied clinically. All 3 have similarly avid 
myocardial uptake. The first, Tc-99m-t-butyl isonitrile 
(TBI), was suboptimal for myocardial imaging due to its 
prominent hepatic and pulmonary uptake.*° Persistent 
liver uptake of TBI frequently obscured defects in the 
inferior left ventricular wall. In addition to further ob- 
scuring myocardial defects, pulmonary TBI could behave 
as a reservoir of the tracer. With the subsequent washout 
of the tracer from the lungs, a significant amount could 
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be delivered to the myocardium and alter the resulting 
perfusion pattern from that corgesponding to the initial 
injection and uptake of TBI. The second tracer, T¢-99m 
carboxyisopropyl isonitrile (CPI), demonstrated progres- 
sive hepatic accumulation over time despite excellent 
myocagdial uptake and also relatively rapid washout 
from the myocardium.®’ Fhe third, Tc-99m methoxy- 
isobutyl isonitrile, known generically as Tc-99m sesta- 
mibi, has emerged as the isonitrile with the most favor- 
able biologic characteristics for myocardial perfusion im- 
aging.® Unlike TBI and CPI, Tc-99m sestamibi has only 
transient hepatic uptake with prompt hepatobiliary ex- 
cretion and minimal lung upt&ke.’ À 

Tc-99m sestamibi is distributed i in the myocardium in 
proportion to blood flow in a ‘manner parallel to that 
observed with Tl-201 (i.e., with a decrease of extraction 
at very high flow rates), although with a somewhat lower 
myocardial extraction fraction.’ Of importance, in con- 
trast to Tl-201, there is minimal myocardial redistribu- 
tion of Tc-99m sestamibi over time.*:!° The combination 
of transient early hepatic uptake and minimal myocardial 
redistribution makes 30 to 60 minutes after injection the 
ideal imaging time for Tc-99m sestamibi. The minimal 
redistribution allows uncoupling of the time of injection 
and the time,of imaging, which is important for applica- 
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tions in acute myocardial infarction. In addition, this 
property makes Tc-99m sestamibi ideal for single photon 
emission computed tomography (SPECT) imaging, with 
its prolonged acquisition time. 


BORONIC ACID ADDUCTS OF TECHNETIUM 
DIOXIME COMPOUNDS 

The BATO compounds, which form the other class of 
Tc-99m myocardial perfusion agents, are neutral lipo- 
philic complexes of boronic acid. The agent from this 
class that has been developed commercially is Tc-99m 
teboroxime.!!:!2 Unlike Tc°99m sestamibi, which is less 
efficiently extracted than Tl-201, Tc-99m teboroxime is 
extracted with greater efficiency than Tl-201 throughout 
a broad range of flow rates.!* Tc-99m teboroxime’s myo- 
cardial uptake is rapid, with excellent myocardial visual- 
ization 2 minutes after injection. The myocardial clear- 
ance, however, is also rapid, with biexponential clearance 
half-times of 2 minutes (68%) and 78 minutes (32%). 
These properties necessitate the confpletion of imaging 
within 15 to 20 minutes from the time of injection. Since 
tomographic acquisition with the standard single detector 
cameras typically requires prSlonged imaging times, this 
agent is not ideally suited for SPECT imaging. Another 
limitation is the persistent hepatic accumulation of the 
tracer; its liver residenge half-time is approximately 1.5 
hours. This hepatic uptake occasionally interferes with 
inferior wall visualization. 


SYMPOSIUM ON TEGHNETIUM-99m AGENTS 

These new myocardial imaging agents have distinct 
physical properties from TI-201 and distinct biologic 
properties from each other. Soon after the introduction of 
these tracers, it became clear that new acquisition, pro- 
cessing, display and quantitation protocols would have to 
be developed to optimize their use. Furthermore, the 
ways in which these new agents differ from Tl-201 and 
from each other provide an opportunity to explore new 
methods for using the agents (e.g., gated SPECT with 
Tc-99m sestamibi) and new clinical settings in which 
they, may be applied (e.g., before and after thrombolytic 
therapy with Tc-99m sestamibi). Thus, to explore the 
issues posed by the new tracers, a symposium on Tc-99m 
myocardial perfusion imaging agents and their relation to 
TI-201 was held February 22 to 25, 1990, in Palm Beach, 
Florida. Participating in the symposium were many of the 
foremost researchers in myocardial imaging from the 
United States, Canada and Europe. 

The symposium was unique is several ways. First, it 
brought nuclear cardiologists together with specialists, 
from both nuclear medicine and nuclear radiology. This 
kind of collaboration is essential to the successful develop- 
ment of myocardial imaging techniques and procedures. 
Second, the leyel of experience and expertise of those 
attending the meeting was unusually high. On average, 
attendees reported spending 57% of their time on nuclear 
cardiology procedures, and 61% of the audience reported 
performing 27 thallium studies/day. Third, the meeting 
involved experts not only from the United States, but also 
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from Canada and Europe, providing an opportunity to 
call on the extensive experience with the newer imaging ~ 
agents that has been gained outside the United States. 

An important goal of the meeting was to bring togeth- 
er a wide variety of viewpoints on myocardial imaging 
agents and procedures from experts of diverse geograph- 
ic, clinical and scientific backgrounds. By the choice of 
speakers and participants and in the amount of time 
allowed for discussion, the aim was to foster the exchange 
of ideas, experience and opinion. This supplement was 
developed from the presentations of the symposium, and 
is thus a distillation of the most current information avail- 
able on Tc-99m imaging agents. 

The reports in this symposium are divided into 5 sec- _ 
tions. In the section on experimental studies of the basic _ 
properties of the Tc-99m imaging agents, Beller and Sin- 
usas summarize current animal studies of Tc-99m sesta- 
mibi in comparison to Tl-201. These studies demonstrate 
that the uptake of Tc-99m sestamibi is proportional to 
blood flow to viable myocardium. Meerdink and Leppo 
then compare the physiologic properties of Tc-99m sesta- 
mibi and Tc-99m teboroxime to Tl-201. Their report 
deals primarily with elegant studies in isolated perfused 
rabbit hearts that result in calculations of tissue extrac- 
tion, retention and capillary permeability of the tracers. 
Their report also provides a detailed description of their 
methodology, derived from the work of Bassingth- 
waighte. In addition, they describe results of subcellular 
fractionations and cell culture experiments. Their work 
clearly demonstrates that Tc-99m sestamibi, Tc-99m te- 
boroxime and Tl-201 all have very different cardiac 
transport mechanisms. The investigators summarize by 
stating that all tracers show adequate transport charac- 
teristics for perfusion imaging, but that differences in 
transport and retention will require the development of 
different types of clinical imaging protocols, and may 
result in different clinical uses. 

The second section deals with acquisition, processing, 
quantitation and technical considerations, with particular 
focus on Tc-99m sestamibi imaging. Smith and Watson 
discuss the optimization of planar imaging for Tc-99m 
sestamibi. Their report presents many new developments 
that have been specifically tailored to Tc-99m sestamibi, 
including image standardization, placement of regions of 
interest, a new background subtraction, rescaling of im- 
ages, image registration, quantitation of “rest redistribu- 
tion” or defect reversibility, gated acquisition and dual- 
isotope (Tc-99m sestamibi and Tl-201) acquisitions. 

Garcia and associates then discuss recent advances in 
technical aspects of myocardial SPECT imaging with Tc- 
99m sestamibi. In this report, the investigators describe 
optimization of the technical aspects of Tc-99m sestamibi 
SPECT with respect to radiopharmaceutical doses, imag- 
ing sequences, acquisition parameters, reconstruction fil- 
ters, perfusion quantification methods and multidimen- 
sional methods for visualizing perfusion distribution. The 
report describes theoretical considerations, phantom 
studies and preliminary patient results that have led to 
optimized protocols developed at Emory University and 


Cedars-Sinai Medical Center for same-day rest-stress 


~ studies. The investigators discuss a wide variety of im- 


provements over current Tl-201 quantitative methodolo- 


~ gies that are being developed for Tc-99m sestamibi 


SPECT to take advantage of its ideal physical and biolog- 
ic characteristics for SPECT imaging. 

The third section of the symposium addresses the use 
of Tc-99m in acute coronary artery disease. Boucher 
describes results reported to date with respect to detection 
and localization of myocardial infarction using Tc-99m 
sestamibi imaging at rest. These results include those of a 
large multicenter trial that demonstrated a very high rate 
of detection of perfusion abnormalities by Tc-99m sesta- 
__ mibi in patients with myocardial infarction, and a very 
_ low frequency of perfusion defects in normal subjects. In 
addition, Boucher reports the results of studies from his 
laboratory assessing the relation of perfusion defects at 
rest to severe coronary stenosis, and evaluating the rela- 
‘tion of Tc-99m sestamibi uptake to clinical markers of 
myocardial viability. 

Wackers reviews the use of Tc-99m ‘sestamibi to as- 
sess the efficacy of thrombolytic therapy for acute myo- 
cardial infarction. This report presents the results of sev- 
eral studies that have demonstrated that Tc-99m sesta- 
mibi given before and after thrombolytic therapy can 
indicate the area at risk as well as the degree of myocardi- 
al salvage. Wackers also describes how these studies can 
be used to document successful reperfusion, and discusses 
__ several different approaches in which Tc-99m sestamibi 
may play an important clinical role in the assessment of 
the patient undergoing thrombolytic therapy, including 
the potential of using an early postthrombolytic therapy 
study alone (not requiring a prethrombolysis injection) to 
aid in selection of patients for early angiography. 

Grégoire and Théroux then report an interesting 
study of patients with unstable angina, comparing Tc- 
99m sestamibi SPECT and 12-lead electrocardiography. 
They demonstrate that when injected during an episode 
of chest pain, Tc-99m sestamibi has high sensitivity and 
specificity for detection of significant coronary artery 
disease. They also show that when a subsequent injection 
during a pain-free interval demonstrates a smaller perfu- 
~ sion defect, the specificity for coronary artery disease 
increases. They report clear improvement in sensitivity 
and specificity for coronary artery disease, compared to 
the resting electrocardiogram, in unstable angina pa- 
tients. This novel approach may lead to an important new 
application of myocardial perfusion imaging, less feasible 
with Tl-201 due to its potential for redistribution before 
the performance of SPECT imaging. 

The fourth section deals with the results of ¢linical 
trials of the Tc-99m agents in chronic coronary artery 
disease. Maisey and associates describe the results of 
planar imaging techniques. They demonstrate that in sev- 
eral large trials Tc-99m sestamibi has shown sensitivity 
and specificity for coronary artery disease similar to that 
of Tl-201 planar imaging. They report that end-diastolic 
perfusion imaging appears to improve the concordance 
between Tc-99m sestamibi and angiography. They de- 





scribe a method of assessing regional and global left ven- 
tricular function, and also address the functional implica- 
tions of elevated lung and right ventricular uptake of Tc- 
99m sestamibi. 

Maddahi and associates describe the results of multi- 
ple trials using Tc-99m sestamibi SPECT in the evalua- 
tion of chronic coronary artery disease. In preliminary 
reports of a large multicenter North American clinical 
trial, the investigators show that protocols using acquisi- 
tion parameters essentially the same as those used for Tl- 
201 SPECT resulted in similar findings between TI-201 
and Tc-99m sestamibi for présence and type of perfusion 
defects and for detection of coronary artery disease. The 
investigators also describe preliminary observations with 
respect to perfusion defect intensity, suggesting equal 
intensity of defects with SPECT imaging using Tc-99m 
sestamibi and Tel-201 but less intense (less pronounced) 
defects with planar imaging witl»Tc-99m sestamibi com- 
pared to T1-201. These findings suggest that SPEGT may 
be even more impottant with Tc-99m sestamibi imaging 
than it has been with T1-201. Resultsof preliminary ap- 
proaches for quantifying perfusion defects with Tc-99m 
sestamibi SPECT are als@ reported. 

Johnson and Seldin discuss the clinical experience to 
date with Tc-99m teboroxime in the assessment of pa- 
tients with chronic coronary artegy disease. Their report 
describes a variety of imaging protocols and the results of 
a multicenter trial comparing Tc-99m teboroxime to Tl- 
201, coronary angiography, ofboth. The results suggest 
similar sensitivity and specificity of Tc-99m teboroxime 
to Tl-201, using either planar or SPECT approaches. 
These investigators provide interesting discussions of po- 
tential uses of the washout rate of Tc-99m teboroxime to 
quantitate regional myocardial blood flow, and of the 
potential advantages of multidetector SPECT with this 
agent. They also address the use of Tc-99m teboroxime 
for simultaneous assessment of exercise left ventricular 
ejection fraction and myocardial perfusion, based on pre- 
liminary work performed at Columbia University. 

Jones, Borges-Neto and Potts describe the simulta- 
neous measurement of myocardial perfusion and venteic- 
ular function during exercise using Tc-99m sestamibi. 
They report the results of rest-stress Tc-99m sestamibi 
studies using a multicrystal camera during treadmill ex- 
ercise. Exercise ejection fraction is compared with the 
size of perfusion defects and quantitatively analyzed Tc- 
99m sestamibi SPECT studies. The investigators report a 
strong correlation between the indices of exercise ventric- 
ular function and myocardial perfusion, but also describe 
jmportant, différences in the information provided, sug- 
gesting @ degree of independence between the measure- 
ments. They suggest that simultaneous assessment of ex- 
ercise ventricular function and myocardial perfusion 
could improve the diagnostic and prognostic information 
of the radionuclide test. Their work may be the forerun- 
ner of a common clinical routine for the use of Tc-99m 
sestamibi to evaluate chronic coronary artery disease. 

To conclude the fourth section, we compare SPECT 
and positron emission tomography (PET) approaches for 
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assessment of myocardial perfusion and viability. The 
state of the art T!-201 SPECT is summarized as showing 
high sensitivity, a high normalcy rate and high reproduc- 
ibility for assessment of myocardial perfusion. Tl-201 
SPECT may have an advantage over the Tc-99m agents 
for assessment of myocardial viability, but SPECT with 
TI-201 is limited by its suboptimal physical characteris- 
tics. Tc-99m sestamibi is ideally suited for standard and 
gated SPECT imaging. Tc-99m teboroxime SPECT is 
somewhat problematic due to the rapidly changing distri- 
bution of the tracer within the heart. PET is similar to Tl- 
201 with respect td assessnient of myocardial perfusion, 
with perhaps slightly higher specificity. Tc-99m sesta- 
mibi SPECT, howeveredue to its higher energy, may 
have specificity very similar to that of PET perfusion 
studies. PET remains the “gold standard” for assessment 
of myocardial viability, but it has not yet been directly 
compared extensively toTl-201 reinjection protocols. The 
prificijal limitations of PET are the high costs of equip- 
ment and radiopharmaceuticals. It is*suggested that the 
Tc-99m tracers wik have a major impact on the clinical 
assessment of myocardial perfusion and viability. 

The fifth section addresse#special applications of Tc- 
99m sestamibi in chronic coronary artery disease, and the 
extensive European experience with this tracer. Taillefer 
provides a thorough description of his extensive studies 
using rest-stress same-day protocols for Tc-99m sesta- 
mibi imaging, and of the use of dipyridamole as an ad- 
junct to Tc-99m sestamib# studies. While acknowledging 
that separate-day rest-strgss protocols are ideal, this arti- 
cle addresses the advantages of the rest-stress over the 
stress-rest sequence when same-day protocols are used. It 
also provides promising prelimmary results with respect 
to dipyridamole Tc-99m sestamibi studies. 

Braat and associates discuss the special applications of 
Tc-99m sestamibi for determining the size of the myocar- 
dial area perfused by a coronary artery. The results of 2 
separate protocols are provided. In 1 protocol, Tc-99m 
sestamibi is injected intravenously during the balloon oc- 
clusion phase of percutaneous transluminal coronary an- 
gioplasty. In the second, Tc-99m sestamibi is injected 
selegtively into a coronary artery at the time of angiogra- 
phy. Later imaging then documents the area supplied by 
the coronary artery. The investigators suggest that the 
latter technique could be used to predict the area of 
jeopardized myocardium in the supply of a given coro- 
nary artery, since the uptake of the tracer is dependent on 
both myocardial perfusion and the presence of viable 
myocardium. . 

Sochor provides an overview of the European experk, 
ence in which the results of multiple trials assessing Tc- 
99m sestamibi, both with planar and SPECT imaging, in 
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chronic coronary artery disease are summarized. Sochor 
also describes the results of a stress-rest sequence for Te- © 
99m sestamibi same-day studies (as compared with the 
rest-stress studies advocated by Taillefer). He reports a 
variety of studies that have addressed the assessment of 
ventricular function using either planar or tomographic 
techniques with Tc-99m sestamibi, as well as dual-isotope 
studies using Tc-99m sestamibi and indium-1 1 1 antimyo- 
sin for the simultaneous demarcation of zones of necrosis 
and zones of hypoperfusion. 
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Experimental Studies of the Physiologic 
Properties of Technetium-99m Isonitriles 


George A. Beller, MD, and Albert J. Sinusas, MD 


Recently, efforts have been directed at the develop- 
ment of technetium-99m (Tc-99m)-labeled isoni- 
trile compounds for assessment of regional perfu- 
sion and viability after experimental myocardial in- 
farction or ischemia. One of the most promising of 
these agents, Tc-99m sestamibi, has undergone 
rather extensive laboratory investigation. Like thal- 
lium-201 (TI-201), the uptake of Tc-99m sestamibi 
in myocardial tissue is proportional tg myocardial 
blood flow after intravenous injection. Similar to 
other diffusible indicators, Tc-99m sestamibi un- 
derestimates blood flow at high flow rates. In low 
flow regions, the myocardial uptake of this agent is 
higher relative to nonischemic uptake than is mi- 
crosphere-determined blood flow. This is attributed 
to increased extraction at low flows. This first-pass 
myocardial extraction fraction for Tc-99m sesta- 
mibi is less than that for Tl-201. However, Tc-99m 
sestamibi has a higher parenchymal cell permeabil- 
ity and higher volume of distribution than TI-201. 
Tc-99m sestamibi shows minimal ‘delayed redis- 
tribution” after initial intravenous administration. 

Uptake of Tc-99m sestamibi is not altered by 
myocardial “‘stunning”’ or with ischemic dysfunc- 
tion produced by sustained low coronary flow. The 
uptake of the isonitrile is still proportional to blood 
flow in these situations. 

In intact animal models, myocardial uptake of 
Tc-99m sestamibi during coronary occlusion delin- 
eates the in vivo area at risk. When Tc-99m sesta- 
mibi is administered after reperfusion following 
variable periods of preceding coronary occlusion, 
Tc-99m sestamibi uptake delineates the area of vi- 
able myocardium that is salvaged and not simply 
the degree of reflow. This suggests that serial Tc- 
99m sestamibi imaging might be useful in assess- 
ing the efficacy of coronary reperfusion after 
thrombolytic therapy. 

(Am J Cardiol 1990;66:5E-8E) 
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myocardial perfusion agénts have been under labora- 

tory and clinical investigation to determine their effi- 
cacy in evaluating regional myocardial blood flow and 
viability. More recently, efforts have been directed at the 
development of Tc-99m-labeled isonitrile compounds for 
the assessment of regional perfusion and viability after 
experimental myocardial infaretion or ischemia either 
during sustained coronary occlusion or after reperfuston. 
One of the most fromising of these agents is Tc-99m- 
hexakis-2-methoxy-2-methylpropy]l eisonitrile (Tc-99m 
sestansibi), which is a lipophilic cationic Tc-99m complex 
that has the most favoraBle myocardial-to-background 
ratio for myocardial imaging of any of the isonitriles. The 
uptake and clearance kinetics of this new myocardial 
agent have been investigated in a number of experimental 
animal models. 


[ rset person agents nave ben under labora 


INITIAL MYOCARDIAL DISTRIBUTION OF 
TECHNETIUM-99m SESTAMIBI 

Myocardial uptake of Tc-09m sestamibi occurs in 
proportion to myocardial blood flow.'~* This property is 
similar to that of thalliam-201 (Tl-201). Okada et al! 
demonstrated a good correlation (r = 0.92) between mi- 
crosphere-determined myocardial blood flow and Tc- 
99m sestamibi distribution using anesthetized dogs un- 
dergoing partial left circumflex coronary artery occlusion 
(Fig. 1). In a similar animal model, Glover and Okada® 
demonstrated a linear relation (r = 0.97) between the 
initial myocardial uptake of Tc-99m sestamibi and re- 
gional myocardial blood flow at rates up to 2.0 ml/ min/g 
when the agent was administered after an intravenous 
infusion of dipyridamole (Fig. 2). However, like other 
diffusible indicators, Tc-99m sestamibi was shown to un- 
derestimate myocardial blood flow at high flow rates 
(>2.0 ml/min/g). Li and coworkers? showed that the 
myocardial distribution of Tc-99m sestamibi, as quanti- 
fied from short-axis tomograms using a computerized 
circimferential profiles program, corresponded to re- 

gional myocardial perfusion by radioactive microspheres. 

After coronary reperfusion, Tc-99m sestamibi uptake in 
the center of the previously ischemic zone correlated well 
with recovery of flow as measured by the radioactive 
microsphere technique. The tomographic images showed 
resolution of the perfusion defect in all añimals in which 
reperfusion was successful. 

In low flow regions, the myocardial uptake of Tc-99m 
sestamibi is higher relative to nonischemic uptake than is 
the microsphere-determined regional blood flow.”3° This 
is attributed to the increased extraction of this agent at 
low flows comparable to what has been observed with 





A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 
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FIGURE 1. ee ees eee 
flow to technetium-99m (Tc-99m) sestamibi distribytion 

There ts a Enear relation with an r value of 0.92 (reproduced 
by permission of the American Heart Association’). 


o 
radionuclide monovalent cations such®as Tl-201. Canby 
et al? showed a close positive linear correlation between 
Tc-99m activity and microsphere-dejermined blood flow 
when Tc-99m sestamibi was Siven before reflow at the 
end of a 2-hour coronary occlusion interval. According to 
their data, there would be an excess of Tc-99m sestamibi 
above the level predicted on the basis of blood flow in 
zones where flow was reduced by approximately 10 to 
40% of control flow. This observation was interpreted as 
increased extraction by v&ible myocardium during the 
40-minute interval and ngt construed as being consistent 
with delayed redistribution. However, when flow de- 
creased to between 0 and 10% of control, this increased 
extraction relative to flow was not evident. This was inter- 
preted as being consistent with the reduced ability of 
infarcted nonviable myocardium to extract the tracer. 
Thus, these animals studies suggest that myocardial up- 
take of Tc-99m sestamibi is proportional to regional flow 
in the physiologic flow range with enhanced extraction of 
the tracer in low flow regions where myocardium is still 
viable. 

As expected, there is an inverse relation between coro- 
nary, ‘blood flow and the fractional extraction of Tc-99m 
sestamibi. The first- -pass myocardial extraction fraction 
for Tc-99m sestamibi is less than that for T1-201. Studies 
by Leppo and Meerdink’ in the blood-perfused isolated 
rabbit heart showed that the mean peak value during the 
early plateau phase of extraction (Emax) for Tc-99m ses- 
tamibi (0.39) was significantly less than the mean Emax 
for Tl-201 (0.73) (Fig. 3). The net myocardial extraction 


(Enet), an estimate of myocardial retention, “averaged 0.41 ‘ 


for Tc-99m sestamibi and 0.57 for Tl-201. Tl-201 was 
shown to have a higher transcapillary exchange rate than 
Tc-99m sestamibi. The mean capillary permeability-sur- 
face area product for Tc-99m sestamibi was approxi- 
mately 33% of the value for TI-201 (0.44 vs 1.30, respec- 
tively), but Tc-99m sestamibi had a significantly higher 
parenchymal cell permeability and higher volume of dis- 
tribution than TI-201. The overall effect of these differ- 
ences in kinetics between Tc-99m sestamibi and T1-201 is 
that little difference would be observed in the myocardial 
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uptake of the 2 agents when imaged in vivo. This is 
because capillary permeability for Tl-201 is higher than 
Tc-99m sestamibi but the reverse is true at the parenchy- 
mal cell wall. 

In another study by Meerdink and Leppo® using the 
same blood-perfused isolated rabbit heart model, hypoxia 
and ouabain had minor effects on peak myocardial ex- 
traction and the permeability-surface area product of Tc- 
99m sestamibi. Maublant et al? showed, in myocardial 
cells in culture, that cyanide and iodoacetate (which pro- 
foundly affect myocardial metabolism by inhibiting the 
respiratory chain and glycolysis, respectively), did not 
affect Tc-99m sestamibi uptake and efflux, even in the 
presence of impaired contractile function. However, Tl- 
201 uptake was inhibited by the combination of cyanide 
and iodoacetate. Ouabain inhibition of sodium, potassi- 
um, adenosine triphosphatase also had no effect on Tc- 
99m sestamibi, but did affect Tl-201. Thus, it appears 
from these in vitro and in vivo experimental preparations 
that the uptake mechanisms of Tc-99m sestamibi are less 
dependent on active transport processes than are those of 
TI-201. Intracellular extraction of Tc-99m sestamibi can 
proceed even with rather profound metabolic perturba- 
tions as long as the cell membrane is intact and cellular 
viability exists. 


MYOCARDIAL CLEARANCE OF 
TECHNETIUM-99m SESTAMIBI 

Tc-99m sestamibi shows negligible “delayed redistri- 
bution” after initial intravenous administration. Okada et 
al! assessed clearance of Tc-99m sestamibi in dogs sub- 
jected to circumflex coronary artery stenoses. Myocardi- 
al Tc-99m sestamibi activity in ischemic and nonischemic 
zones was continuously monitored with miniature im- 
plantable radiation detectors for 4 hours after injection of 
the radionuclide. In this model of severe low flow isch- 
emia, the fractional Tc-99m sestamibi clearance over 4 
hours was minimal in the ischemic (15 + 7%) and non- 
ischemic (15 + 5%) zones. These data suggest that there 
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to flow, up to approximately 2.0 mi/min/g. At higher flow 
rates, Tc-99m sestamibi distribution underestimates flow (re- 
produced by permission of the American Heart Association®). 


is no appreciable redistribution of Tc-99m sestamibi, 
which is in contrast to the significant delayed redistribu- 
tion seen with Tl-201 in similar canine experimental 
models. This important difference can probably be ex- 
plained by at least 2 characteristics of Tc-99m sestamibi: 
(1) low blood levels of Tc-99m sestamibi, and (2) long 
myocardial retention. The result of both is that little Tc- 
99m sestamibi is available for reaccumulation. 


EFFECT OF ISCHEMIA AND POSTISCHEMIC 
DYSFUNCTION ON TECHNETIUM-99m 
SESTAMIBI UPTAKE 

We have shown that administration of Tc-99m sesta- 
mibi during reperfusion preceded by 15 minutes of tran- 
sient coronary occlusion resulted in normal uptake of the 
radionuclide in the region of myocardial “stunning.”> 
Uptake of Tc-99m sestamibi in this model of stunned 
myocardium was comparable to uptake of Tl-201 and 
proportional to regional blood flow (Fig. 4). 

Our group also assessed the myocardigl uptake of Tc- 
99m sestamibi and Tl-201 under conditions of a chronic 
low flow state in an anesthetized open-chest canine model 
producing ischemic dysfunction.’ As shown in Figure 5, 
central ischemic Tc-99m sestamibi activity and TI-201 
activity (expressed as a percentage of the activity in the 
corresponding nonischemic zone) were comparable in en- 
docardial and epicardial segments and proportional to 
flow at the time of tracer injection. These endocardial 
segments showed a good linear correlation between flow 
and activity of both TI-201 (r = 0.78) and Tc-99m sesta- 
mibi (r = 0.85). 

It can be concluded from these studies that ischemia, 
which produces profound systolic dysfunction, does not 
affect Tc-99m sestamibi or TI-201 uptake as long as 
myocardial cells are still viable. Despite significant isch- 
emia or postischemic systolic dysfunction in these models, 
the uptake of these radionuclides was still proportional to 
flow at the time of their administration. There was no 
flow-independent abnormality in myocardial uptake in 
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FIGURE 3. Comparison of technetium-99m (Tc-99m) sesta- 
mibi and thallium-201 (TI-201) extraction (Emax) values versus 
coronary blood flow. Linear least-squares regression lines are 
shown; the top line represents Tc-99m sestamibi, and the 
bottom line represents TI-201 (reproduced by permission of 
the American Heart Association’ ). 
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FIGURE 4. Regional blood flow and myocardial activity. Illus- 
trated are occlusion and reperfusion flow and thallium-201 
and technefium-99m (Tc-99m) sestamibi activity for central 
ischemic (n = 29) and intermediate ischemic (n = 21) endocar- 
dial segments expressed as a percegt of nonischemic segmen- 
tal flow. Both thallium-201 and Tc-99m sestamibi kev- 
els were comparable reperfusion flow in central and in- 
termediate ischemic segments (reproduced by permission of 
the American College of Cardiology5). « 


the ischemic or “stunned” myocardial tissue. This lends 
support to the concept that Tc-99m sestamibi can be 
extracted intracellularly as long as cell membrane integ- 
rity is intact. 


QUANTIFICATION OF RISK AREA DURING 
CORONARY OCCLUSION AND MYOCARDIAL 
SALVAGE AFTER REPERFUSION USING 
TECHNETIUM-99m SESTAMIBI 

Several studies have been performed to assess whether 
myocardial imaging with Tc-99m sestamibi is useful for 
assessing risk area during coronary occlusion and extent 
of salvaged myocardium after coronary occlusion fol- 
lowed by reperfusion. Verani and coworkers? found that 
the scintigraphic perfusion defect size correlated well 
with pathologic infarct size (r = 0.85 and r = 0.95 by 
planar and tomographic imaging, respectively) during 2 
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FIGURE 5. Central ischemic endocardial activity versus flow. 
Illustrated is the correlation of thallium-201 (TI-201) and 
technetium-99m (Tc-99m) sestamibi activity and stenotic flow 
among those endocardial segments in which stenotic flow was 
reduced to <60% of preocclusion flow (reproduced by permis- 
sion of the American College of Cardiology). 
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FIGURE 6. Comparison of planar scintigraphic perfusion de- 
fect size during occlusion and reperfusion with pathologic in- 
farct size in 12 dogs. LV = left ventricle; TTC, = triphenyltetra- 
zolium chloride (reproduced by permission of the American 
College of Cardiology‘). 





hours of coronary oeclusion in a canine model. The planar 
defect size, but not the tomographic,defect size, overesti- 
mated the pathologic size. Affer 48 hours of reperfusion, 
scintigraphic defect size was markedly reduced. Uptake 
of Tc-99m sestamibi in ischemic myocardium increased 
significantly and correlated with the increase in regional 
flow as assessed by microspheres. Figure 6 compares the 
planar scintigraphic defect size during occlusion and re- 
perfusion with the pathol8gic infarct size in 12 dogs in 
this study. s 

More recently, we have defined in our laboratory the 
myocardial distribution of Tc-99m sestamibi before and 
after coronary reperfusion in sopen-chest anesthetized 
dogs that underwent 3 hours of left anterior descending 
occlusion followed by 3 hours of reflow.'° When intrave- 
nous Tc-99m sestamibi was administered during occlu- 
sion only, the risk area defined by autoradiography corre- 
lated (r = 0.94) with the postmortem risk area, although 
it was somewhat smaller. This was thought to be due to 
the presence of collateral flow in vivo, which would not 
influence the postmortem risk area. In dogs receiving Tc- 
99m sestamibi 90 minutes after coronary reperfusion that 
was preceded by 3 hours of occlusion, Tc-99m sestamibi 
activity was less than reperfusion flow. The defect area 
defined by Tc-99m sestamibi autoradiography correlated 
closely with the postmortem infarct size (r = 0.98) in 
these reperfused dogs, as assessed by the dual simulta- 
neous perfusion of monastral blue into the left main coro- 
nary artery and triphenyltetrazolium chloride int the 
left anterior descending artery distal to the occlusion uns 
der physiologic pressures. ° 


SE THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


Thus, the results of these animal studies indicate that 
the myocardial uptake of Tc-99m sestamibi during coro- 
nary occlusion correlates with occlusion flow and delin- 
eates the in vivo “area at risk.” When Tc-99m sestamibi 
is given after reperfusion following variable periods of 
preceding coronary occlusion, Tc-99m sestamibi activity 
uptake delineates the area of viable myocardium that is 
salvaged, with defect size correlating well with pathologic 
infarct size. These data are consistent with clinical imag- 
ing studies that have shown that serial Tc-99m sestamibi 
imaging is useful in assessing the efficacy of coronary 
reperfusion in patients receiving thrombolytic thera- 
py.!!.!2 The experimental studies suggest that in the pres- 
ence of acute infarction, Tc-99m sestamibi uptake during 
reperfusion reflects both the degree of reflow and the 
extent of viable myocardium. Hence, its properties are 
not simply akin to inert microspheres that merely mea- 
sure regional myocardial blood flow after reperfusion. 


a 
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Experimental Studies of the Physiologic 
Properties of Technetium-99m 
Agents: Myocardial Transport of 
Perfusion Imaging Agents 


Denis J. Meerdink, PhD, and Jeffrey A. Leppo, MD 


The physiologic properties of new technetium- 
99m-labeled myocardial imaging agents (Tc-99m 
sestamibi, an isonitrile; and Tc-99m teboroxime, a 
boronic acid adduct of technetium dioxime) are dis- 
cussed and compared to thallium-201 (TI-201). 
Studies with isolated hearts, subcellular fractions 
and cell cultures indicate that Tc-99m sestamibi, 
Tc-99m teboroxime and TI-201 do not share com- 
mon transport or sequestration mechanisms. Al- 
though peak Tc-99m sestamibi myocardial extrac- 
tion over time is about half that of TI-201 at equiv- 
alent coronary blood flows, the amount of Tc-99m 
sestamibi that remains in the heart is similar to 
that of TI-201 because of its higher retention effi- 
ciency. The high retention efficiency for Tc-99m 
sestamibi also results in minimal redistribution. In 
contrast, Tc-99m teboroxime myocardial extrac- 
tion is higher than that of TI-201, but its retention 
is less efficient, resulting in relatively rapid wash- 
out characteristics which may quickly result in 
tracer redistribution. During reperfusion after a no- 
flow period, Tc-99m sestamibi extraction and re- 
tention increase, but for Tc-99m teboroxime and 
TI-201 these values tend to decrease. All tracers 
show adequate transport characteristics for perfu- 
sion imaging, and differences in transport and re- 
tention should lead to the development of new clini- 
cal protocols. 

(Am J Cardiol 1990;66:9E-15E) 
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the development of standard nuclear cardiology 

techniques over the past 10 to 15 years, and valu- 
able medical insight into coronary perfusion has been 
gained from the ase of single photon tracers. Although 
thallium-201 (Tl-201) is the most widely used clinical 
myocardial perfusion agent, technetium-99m (Tc-9@mJ- 
labeled perfusion agtnts offer several advantages. Since 
Tc-99m is available from a generator in a nuclear medi- 
cine laberatory 24 hours/day, special deliveries from a 
commercial radiopharmacy ®r distribution center are not 
required. The energy of Tc-99m (140 keV) is ideal for 
standard gamma camera imaging, which can result in an 
improved resolution on a count-by-gount basis due to less 
scatter and attenuation in the patient and stronger scintil- 
lations with the detector crystal. Finally, the improved 
radiation dosimetry and much sfforter half-life of Tc-99m 
compared to Tl-201 permits the jnjection of 10 times as 
much radioactivity. Consequently, it is likely that the use 
of Tc-99m-labeled agents will significantly increase and 
expand the nuclear cardiology field. 

Recently, Tc-99m-labeled compounds, such as the 
isonitriles and boronic acid adducts of technetium diox- 
ime (BATO) compounds, have shown promise as myo- 
cardial perfusion agents. [Tc-99m]-hexakis(2-methoxy- 
isobutylisonitrile) is an isonitrile generically known as Tc- 
99m sestamibi, and also called MIBI, RP30 or Cardio- 
lite™ (E.I. du Pont de Nemours & Co.).!* The BATO 
compounds (complexes) are stable, neutral and lipid soļa- 
ble.>4 [Bis[1,2-cyclohexanedione dioximato 
(1-)-O]-[1,2-cyclohexane-dione-ioximato(2-)-O] meth- 
yl-borato(2-)-N,N’,N”’,N’’,N’”,N’’’’’]-chloro- 
technetium, is a BATO compound that is also referred to 
as Tc-99m teboroxime, SQ30217 or Cardiotec™ (Squibb 
Diagnostics). Thorough knowledge of cellular tracer up- 
take, distribution and retention and of the physiologic 
factor? that affect capillary-tissue exchange and tissue 
refention age important for accurate interpretation of 
perfusion ¢mages. This information can only be deter- 
mined using several independent methodologic approach- 
es. The goal of this review is to summarize the physiologic 
properties of new technetium isonitrile and BATO agents 
and compare them to those of TI-201. 


T he study of cardiac dysfunction has benefited from 


ISOTOPE TRANSPORT ANALYSIS 

Indicator dilution: A powerful and useful technique to 
study perfusion tracers is indicator-dilution analysis. A 
tracer bolus is injected into the arterial inflow, and dilu- 





A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE I Capillary-Tissue Exchange Equations 


(1) Transport function: h(t) 
h(t) = F = C(t)/qo 
where F = plasma flow (ml/min) 
t = time after injection (min or s) 
C(t) = isotope activity (cpm/g) 
do = injected dose (cpm) 
(2) Maximum tissue extraction: E(t) 
E(t) = 1 — hp(t)/hr(t) 
where hp(t) = diffusible h(t) 
(e.g., Tl-201, Tc-99m sestamibi or Tc-99m 
teboroxime) 
hgt) = albumin reference h(t) 
(3) Capillary permeability-surface area product: PScap 
PScap = —Fs + !oge(1 — Emax) 
where F, = plasma*or solute flow (ml/min/g) 
Emax = Maximum diffusible E(t) up to pers hr(t) 
(4) Net tissue extraction: Ene(t) 


Ener(t) = f [Ha(t) — holt)]dà + [ hr(t)dà 
0 ° 0 


@ where A is a dummy variable for integration 


Overall Enet is at t (s) when 99.99% of albumin has emerged. 
Te-99m = technetiumiĝ9m; TI-201 = thallium-201. 





tion patterns are analyzed if the venous outflow. Tissue 
extraction, retention and capillary permeability are cal- 
culated from dilution curves of diffusible tracers (T]-201, 
Tc-99m sestamibi or Ic-99m teboroxime) and a concur- 
rently injected impermeable tracer (labeled albumin). 
Transcapillary transport and myocardial retention of the 
permeable tracers are affected not only by perfusion rate 
and capillary permeability, but also by the binding char- 
acteristics in the tissue. Retention of tracer by the myo- 
cardial tissue is affected by altered intracellular binding 
or, conceivably, by changes*in binding to interstitial 
structures. 

Isolated perfused ae The isolated perfused heart 
is particularly useful for characterizing tracer kinetics 
because physiologic parameters can be controlled inde- 
pendently (e.g., flow, work, substrate availability, drug 
delivery and recirculation). In the Langendorff prepara- 
tion, the heart is perfused retrogradely through the aorta, 
either under constant pressure or constant flow.°° The 
heart preparation can be paced and is more “physiologic” 
when perfused with either whole blood or washed eryth- 
rocytes to maintain tissue oxygen delivery at “normal” 
flow rates. In addition, the isolated perfused heart has 
been used to study the effect of different physiologic and 
pharmacologic interventions. 

Tracer selection: Although the rapid emergence of 
Tc-99m-labeled perfusion agents has resulted in l wide- 
spread clinical studies, additional basic investigations age 
needed to adequately evaluate the myocardiaP transport 
properties of these agents. It is important to critically 
define the effects of flow and metabolic alterations on 
isotope transport in the heart. Since these cardiac isotopes 
are diffusion-limited substances, myocardial capillary- 
tissue exchange has been successfully evaluated by ana- 
lyzing the dilution in venous outflow of multiple indica- 
tors injected simultaneously into the arterial inflow. A 
multiple-indicator cocktail is used consisting of a mixture 
of diffusible tracers, radiolabeled albumin (vascular ref- 
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erence) and ethylenediaminetetraacetic acid (EDTA, an 
interstitial space marker). The combination of isotopes ~ 
used in the cocktail is limited by the individual energies of 

the isotopes and the ability of the counting equipment to 

reliably distinguish individual isotopes. 

Data analysis: After the cocktail is injected as a bolus 
into the arterial inflow, venous effluent is collected at 
constant time intervals determined by the perfusion rate. 
The total time of collection, typically 2 to 4 minutes, is 
established to ensure collection of all injected reference 
tracer (albumin) so that reliable estimates of the reten- 
tion of diffusible tracer can be calculated. 

Numerical analysis of the venous outflow samples 
uses the equations in Table I. For each sample, normal- 
ized transport function curves are calculated for each of 
the tracers [albumin (reference), hp(t); Tl-201, Tc-99m 
sestamibi or Tc-99m teboroxime (diffusible), hp(t)] us- 
ing equation 1. The h(t) transport functions represent the 
fraction of injected tracer emerging from the heart/sec- 
ond and are ysed to calculate the other exchange esti- 
mates’~? Emax: the maximum fractional tissue extraction, 
equation 2; PS.ap, the capillary permeability-surface area 
product (Crone), equation 3; and Enen, the overall net 
tissue extraction, equation 4. These variables, which rep- 
resent estimates of capillary-tissue exchange and flux as 
well as the amount of tracer retained by the heart, are 
explained in the following sections. 

A close examination of the plots of the exchange esti- 
mates versus time (Figs. 1 and 2) reveals important dif- 
ferences among the tracers. The h(t) curve represents a 
flow-proportional fraction of injected dose observed at 
each time point.’ The shape of the h(t) curve, which 
characteristically has a rapid rise to a relatively sharp 
peak followed by a gradually decreasing “tail” portion, 
results from several factors. Because albumin can be as- 
sumed to remain confined in the vasculature during the 
short duration of the indicator-dilution experiment, the 
albumin h(t) curve (Figs. 1A and 2A) demonstrates the 
dispersion resulting from heterogeneous flow in the cardi- 
ac vasculature as well as laminar flow in the system. 
However, the shapes of the h(t) curves for the diffusible 
tracers result from not only this dispersion from flow, but 
also from the escape of tracer from the vasculature into 
extravascular compartments (interstitium, membranes 
and parenchymal cells). Therefore, the difference be- 
tween the h(t) of albumin and the h(t) of Tl-201, Tc-99m 
sestamibi or Tc-99m teboroxime indicates an escape of 
diffusible tracer from the perfusate as it passed through 
the heart. This is the instantaneous fractional extraction, 
E(t), which is plotted for Tc-99m sestamibi and T1-201 in 
Figure 1B and for Tc-99m teboroxime and TI-201 in 
Figure 2B. The Tl-201 and Tc-99m teboroxime overall 
Eát) patterns are typical for cations (rapid rise and rapid 
fall durjng the h(t) peaks), although Tc-99m teboroxime 
is a neutral lipophilic compound. The E(t) for Tc-99m 
sestamibi is relatively low during the h(t) peak, but con- 
tinues a gradual increase during the entire experimental 
period. The permeability-surface area product or tracer 
flux at the capillary/interstitial compartmental interface 
(PScap) is derived from the flow rate of the solute (Fs) and 
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FIGURE 1. A, representative transport functions [h(t), albumin 
open line], B, instantaneous fractional extraction [E(t)] and C, 
net extraction [E,,.;(t)] for technetium-99m (Tc-99m) sestamibi 
and thallium-201 (TI-201). 


the Emax value. The Emax value is not necessarily the 
highest E(t) value observed over the entire experimental 
period, but is the highest E(t) observed up to and includ- 
ing the albumin peak. This limitation is needed because 
- the PS.ap calculation assumes unidirectional tracer flux. 

Enet iS an estimate of net tissue exchange with time, or 
if an appropriate end point is defined, the retention of 
diffusible tracer by the tissue over the specified time 
course. Comparison of the h(t) curves with their respec- 
tive Ene(t) plots (Figs. 1C and 2C) reveals important 
differences in the myocardial exchange and retention of 
the diffusible tracers. The numerator of the E,., equation 
is the area of the albumin transport curve [h(t)] minus 
the diffusible tracer’s h(t) area; the denominator of the 
equation [albumin h(t) area] normalizes the calculation. 
The numerator is positive (indicating a net blood-to-tis- 
sue transport) when the albumin curve is above the dif- 
fusible h(t) curve (Tl-201, Figs. 1C and 2C; Tc-99m 
sestamibi, Fig. 1C; Tc-99m teboroxime, Fig. 2C), and the 
slope of the Enet(t) curve is positive. When the albumin 
h(t) curve is lower than the diffusible h(t) curve, such as 
during the tail portion for T1-201 (Figs. 1C and 2C) or for 
Tc-99m teboroxime (Fig. 2C), the numerator is negative 
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[thus a negative Ene(t) slope], which indicates a net 
clearance of tracer from the extravascular to intravascu- 
lar space. Thus, despite its much lower peak extraction 
(Emax), Tc-99m sestamibi h(t) remains below the albu- 
min reference throughout the observation period, and a 
persistent net blood-to-tissue exchange is demonstrated. 
Consequently, the Ene(t) curve for Tc-99m sestamibi 
maintains a positive slope. In contrast, Tl-201 and Tc- 
99m teboroxime have a net blood-to-tissue exchange only 
during the early portion of the h(t) curve, but a net tissue- 
to-blood exchange during the tail portion. In addition, the 
Tc-99m teboroxime Ene function decreases more quickly 
than that for Tl-201, suggesting a faster back diffusion of 
initially extracted tracer. ° 


COMPARISON OF TECHNETIUM-99m 
SESTAMIBI AND THALLIUM-201 

The myocardial transport of T1-201 and Tc-99m ses- 
tamibi have been compared during variable blood*flow 
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FIGURE 2. A, representative transport functions [h(t)], albu- 
min open line), B, instantaneous fractional extraction [E(t)] 
and C, net extraction [Ene(t)] for Tc-99m teboroxime and Ti- 
201. Abbreviations as in Figure 1. 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE Il Exchange Estimates for Tc-99m Sestamibi and 
TI-201 


TH201 
Mean S.D. 


Tc-99m Sestamibi 
Mean S.D. 


0.73 
0.44 0.12 1.30 
0.41 0.16 0.57 
Enet Values were calculated over 1.5 to 4 minutes after injection. 


Blood flow = 1.51 (+0.76) ml/min /g; Emax = Maximum tissue extraction; Enet = net 
tissue extraction; SD = standard deviation; other abbreviations as in Table |. 


0.39 0.09 


Emax 
PScap (mi/min/g) 
Enet 





levels in 9 blood-perfused, isolated rabbit hearts.' Using 
indicator-dilution techniques, 17 injections of a mixture 
containing radiolabeled albumin, radiolabeled EDTA, 
TI-201 and Tc-99m sestamibi were administered. The 
transport data from these experimentsare listed in Table 
Il. The mean Emax, PScap and Ener values for Tc-99m 
&stamibi were all significantly less than the correspond- 
ing Tl-201 determinations (p <0.601). However, com- 
puter modeling estimates of parenchymal cell distribu- 
tion and permeation for Tc-99m sestamibi were signifi- 
cantly greater than correspênding Tl-201 measurements. 
This accounts for the relatively high cellular retention of 
Tc-99m sestamibi and relatively small disparity in Ene 
values compared to Emax and PScap. 

Figure 3 shows the individual (n = 16) values of Emax 
and coronary blood flow for both Tl-201 and Tc-99m 
sestamibi. There is a Negatively sloped linear relation 
between Emax and bloog flow for each tracer, and Tc-99m 
sestamibi values are always less than corresponding Tl- 
201 determinations. The least squares best fit linear re- 
gression line for Emax is also shown for both isotopes: Tc- 
99m sestamibi = 0.51 — 0.09 X flow (r = —0.80) and TIl- 
201 = 0.91 — 0.11 X flow (r = —0.85). 

These data suggest that capillary permeability for TIl- 
201 is greater than for Tc-99m sestamibi, with the reverse 
true at the parenchymal cell membrane. The mechanism 
of cellular transport is different for these 2 tracers, and 
both have adequate characteristics to permit myocardial 
perfusion imaging. Marshall et al!'! reached a similar 
conclusion using a comparable protocol. These investiga- 
tors reported mean peak extraction values of 0.57 for Tc- 
99m sestamibi and 0.80 for Tl-201, and 2.5-fold greater 
myocardial retention for the Tc-99m compound. 

Okada et al!? noted no changes in fractional Tc-99m 
sestamibi clearance rates from either normal or ischemic 
cardiac zones of open-chest dogs with coronary artery 
disease. Using miniature, implanted radiation-detecting 
probes, the mean 4-hour fractional clearances measuged 
for Tc-99m sestamibi averaged 0.15, representing a fairly 
minimal washout rate. Over the same period, mean Tc- 
99m sestamibi blood clearance was 0.98. These data 
agree nicely with the in vitro rabbit heart observations 
and suggest that Tc-99m sestamibi has very stable tracer 
distribution and is thus well suited for single photon emis- 
sion computed tomography (SPECT) imaging. 

In experiments by Meerdink et al'’ performed in iso- 
lated rabbit hearts, transport of Tc-99m sestamibi and 
Tl-201 were evaluated at control and after 5 and 30 
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minutes of reperfusion (after 30 to 60 minutes of 0-flow 
ischemia). T]-201 peak extraction showed a small but © 
significant decrease during reperfusion in both groups of 
hearts. Mean Emax Values reported were 0.62 at control, 
0.60 at 5 minutes of reperfusion and 0.56 at 30 minutes of 
reperfusion. Tc-99m sestamibi peak extraction increased 
from a control value of 0.22 to 0.23 and 0.31 at 5 minutes 
and 30 minutes of reperfusion, respectively. It should be 
noted that Tl-201 peak extraction values were always 
greater than simultaneously determined Tc-99m sesta- 
mibi values. 

T1-201 Ene: or net extraction of injected tracer dose 
showed a significant decrease during reperfusion, from a 
mean Ene of 0.35 to 0.32 at 5 minutes of reflow and 0.17_ 
at 30 minutes of reflow. In contrast, Tc-99m sestamibi 
Enet progressively increased with reperfusion. The mean 
Enet Was 0.20 at control, 0.26 at 5 minutes of reflow and 
0.34 at 30 minutes of reflow. Tl-201 values were noted to 
be greater than simultaneously determined Tc-99m ses- 
tamibi values only at control and 5 minutes of reperfu- 
sion, but were clearly lower after 30 minutes of reflow. 

There is a slight decrease in the myocardial transport 
of Tl-201 in the first hour of coronary reperfusion. In 
contrast, Tc-99m sestamibi transport is enhanced. The 
mechanisms of the changes in exchange and retention are 
not known. However, because Tc-99m sestamibi trans- 
port into myocardial tissue is limited primarily by its 
capillary exchange, changes in capillary permeability af- 
ter ischemia/reperfusion are a likely mechanism of en- 
hanced Tc-99m sestamibi transport. This also suggests 
that cellular or metabolic function can primarily affect 
myocardial tracer uptake of Tl-201 and Tc-99m sesta- 
mibi during acute coronary reperfusion. 

Liu et al!4 have also noted enhanced Tc-99m sesta- 
mibi transport during coronary reperfusion in a buffer- 
perfused rat heart having constant isotope infusion. How- 
ever, Sinusas et al'> observed a diminished Tc-99m sesta- 
mibi uptake in open-chest dogs after 90 minutes of 
reperfusion preceded by 3 hours of coronary occlusion. 
Therefore, the duration of prior coronary occlusion and 
the timing of Tc-99m sestamibi administration after re- 
flow may have a critical effect on its transport. 
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FIGURE 3. Maximum fractional extraction (Emax) versus flow 
(ml/min/g) for Tc-99m sestamibi and TI-201 (reproduced with 
permission of the American Heart Association’®). Abbrevia 
tions as in Figure 1. 
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COMPARISON OF TECHNETIUM-99m 
TEBOROXIME AND THALLIUM-201 

An isolated blood-perfused rabbit heart model was 
used with multiple-indicator dilution techniques to com- 
pare the myocardial transport of 2 Tc-99m-labeled 
BATO compounds (Tc-99m teboroxime and Tc-99m 
$Q32014) and TI-201 during variable levels of coronary 
flow.'® The experimental protocol involved an initial sta- 
bilization period for each heart before the injection of a 
multiple-indicator cocktail containing Tl-201, Tc-99m 
teboroxime and indium-111 albumin. The individual val- 
ues for each Tc-99m teboroxime and TI-201 Emax deter- 
mination are shown in Figure 4. The least squares linear 
regression lines are also displayed. Although the slopes 
are similar, it is clear that each Tc-99m teboroxime Emax 
is higher than the simultaneously determined TI-201 val- 
ue. Tl-201 and Tc-99m teboroxime show an inverse linear 
relation between Emax and coronary blood flow. 

The individual values for each Tc-99m teboroxime 
and Tl-201 PS,., determination are shown in Figure 5. 
The capillary flux for Tc-99m teboroxim® is always high- 
er than simultaneously determined TI-201 values, but 
both tracers show a plateau effect at coronary flows >1.5 
ml/min/g. This probably represents diffusion limitation 
at the capillary level. There is a direct linear relation 
between PS,., and flow for Tc-99m teboroxime and TI- 
201. Coronary flow averaged 1.31 ml/min/g and varied 
from 0.30 to 2.44 ml/min/g. Mean Tc-99m teboroxime 
extraction was 0.71 and was 25% higher than the mean 
- Tl-201 Emax of 0.57 (p <0.001). The mean PScap for 
Tc-99m teboroxime was 1.1 ml/min/g, and this was 
also higher (46%) than the mean TI-201 PScap of 0.75, 
(p <0.001). The mean E,,; for Tc-99m teboroxime was 
0.55 + 0.19, which was only 20% higher than the aver- 
age Tl-201 values. En: calculations account for both 
the initial transcapillary permeation as well as the back 
diffusion. 

Although Tc-99m teboroxime has a higher net reten- 
tion than Tl-201, this important parameter shows a rela- 
tively smaller disparity than might have been expected 
based on the observed differences in Emax and PS cap. 
Other preliminary results by Stewart et al!’ in open-chest 
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FIGURE 4. Maximum fractional extraction (Emax) versus flow 
(ml/min/g) for Tc-99m teboroxime and TI-201 (reproduced 
with permission'*), Abbreviations as in Figure 1. 
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FIGURE 5. Permeability-surface aréa product (PS,ap) versus 
flow (ml/min/g) for Tc-99m teboroxime and TI-201 (repro- 
duced with permission’). Abbreviations as in Figure 1. 


dogs show relatively high extraction of Tc-99m tgbosox- 
ime after intracorenary injections. In addition, Tc-99m 
teboroxime cellular clearance appears to be flow related 
and fairly rapid. 

Clinical trials ha¥e shown that this agent can be used 
for perfusion imaging.'® These basic experiments suggest 
that capillary flux of Tc-99m teboroxime is greater than 
that of Tl-201, but there appears to be smaller myocardi- 
al retention of the initially extracted BATO tracer. Clini- 
cal protocols should take advantage of these characteris- 
tics by rapidly collecting myocardial perfusion scans, 
completing initial imaging by 10 to 15 minutes after 
injection. d 


SUBCELLULAR LOCALIZATION 

In normal muscle tissue, the kinetics of Tl-201 are 
similar to those of potassium.!? The myocardial transport 
of Tl-201 is determined primarily by coronary perfusion, 
with hypoxia and contractile state being relatively unim- 
portant.®° In a study with cultured heart cells,2! TI-201 
uptake was not affected by cyanide-induced hypoxia or 
by inhibition of glycolysis or sodium/potassium adeno- 
sine triphosphatase, but it did increase with pH; Tc-99m 
sestamibi uptake was unaffected by any experiméntal 
treatment. The investigators concluded that Tl-201 ‘and 
Tc-99m sestamibi uptake occurred by different mecha- 
nisms and that Tc-99m sestamibi was less sensitive to 
metabolic changes than Tl-201. However, in studies with 
perfused guinea pig heart, Tc-99m sestamibi uptake was 
reduced by extreme hypoxia, while Tl-201 uptake was 
unaffected.” In studies with isolated erythrocyte mem- 
branes, Tl-201 influx was depressed with ouabain.? It is 
Nkely thgf Tl-201 uptake uses a potassium-like mecha- 
nism (adenosine triphosphatase and others),?4 while Tc- 
99m sestamibi uptake is related to its lipophilicity22 simi- 
lar to its parent Tc-99m-t-butyl isonitrile compound.?3 

The mechanisms for exchange and r&ention of Tc- 
99m teboroxime are not well established, but would be 
dominated by nonionic mechanisms since the BATO 
compounds are neutral, lipophilic compounds.* Addition- 
al studies will be important to critically evaluate these 
issues. 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS | 


TABLE Ili “Relative Uptake” from Cultured Chick Heart 
Cells?5 


1 Minute (%) 10 Minutes (%) 


Tc-99m sestamibi 
TI-201 (norm) 
Tc-99m teboroxime 





Abbreviations as in Table |. 
TABLE IV Neonatal Rat Cardiac Cells?!-?7 


T1/2 (minutes) 


e Uptake Release Cie" 


Tc-99m sestamibi 
TI-201 
Tc-99m teboroxime 


* Ratio of intracellular /externaloncentration (Cie), 3 hours after incubation. 
eAbbgviations as in Table |. 





TABLE V Myocardial Transpost Sumiħary!° 16 


Capillary permeation 
Tc-99m teboroxime >> TI-201 > Tc-99m sestamibi 
Net retention (extraction) 
Early: Tc-99m teboroxime > TI-201 > Tc-99m sestamibi 
Late: Tc-99m sestamibi > TI-201 > Tc-99m teboroxime 
Parenchymal cell permeation /distribution 
Tc-99m sestamibi >>> TI-20P >> Tc-99m teboroxime 


Abbreviations as in Tale |. ° 











CELL CULTURE DATA 

Myocardial cells grown with special culture methods 
can be used to study tracer “uptake” in different experi- 
mental protocols. In general, different isotopes are incu- 
bated for variable times in identical cell culture lines and 
the medium is then removed. After measuring radiation 
activity in detached cells (normalized for protein con- 
teņt), a determination of cell-associated activity can be 
mate or further normalized to the tracer activity remain- 
ing*in the buffer media (intra- to extracellular ratio). The 
net clearance of tracer from these cells can also be evalu- 
ated by placing previously incubated cells into isotope- 
free medium. A washout curve can be calculated from the 
amount of activity remaining in the cells and released to 
the “cold” buffer over time. 

Although these cardiac cells are functioning ia cul- 
ture, the movement of isotope in these experiments does 
not have a clear clinical application. There is ñq flow antl 
no variation in tracer concentration, and there are no 
capillary-tissue barriers. Nonetheless, this is a well-estab- 
lished experimental technique and merits careful review. 

Data reposted by Kronauge et al?’ suggest that chick 
heart cells initially accumulate Tc-99m sestamibi faster 
than Tl-201 (all observations are normalized to Tl-201 
uptake) and that Tc-99m teboroxime uptake is even fast- 
er (Table III). This work involves a technique previously 
reported for another isonitrile compound.” The cellular 
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tracer activity remains fairly stable over 10 minutes with 
only a slight tendency for Tc-99m teboroxime activity to 
decrease. Overall, these data suggest greater cellular ac- 
cumulation for the Tc-99m-labeled agents than for Tl- 
201. 

In another cell culture line, Maublant et al?!?’ have 
shown that Tc-99m teboroxime has the fastest uptake 
and greatest accumulation (C;/-) of all 3 agents (Table 
IV). Tl-201 has relatively fast uptake and the quickest 
release, which results in the lowest net accumulation (af- 
ter 3 hours). Tc-99m sestamibi has the slowest uptake 
and release of the 3 tracers, but shows a greater net 
accumulation than Tl-201. 

Both types of cell culture techniques can be used to 
study the effect of varying levels of metabolic or cellular 
inhibitions. Extensive interventions have been reported 
involving inhibition of membrane transport, glycolysis 
and the respiratory chain (cytochrome oxidase). While 
variable results have been reported, in general it appears 
that Tc-99m tgboroxime is the least and Tl-201 is the 
most sensitive to metabolic inhibition at the cellular level. 


SUMMARY 

Data from perfused heart studies are summarized in 
Table V. Transport at the capillary level is fastest for Tc- 
99m teboroxime and slowest for Tc-99m sestamibi. Be- 
cause the initial transport rate of Tc-99m teboroxime is 
quite high and that of Tc-99m sestamibi is lower, Tc-99m 
teboroxime’s net extraction is much higher than that of 
Tc-99m sestamibi during relatively early periods of time. ` 
However, at relatively later time periods (10 to 20 min- 
utes), the extent of net extraction reverses because Tc- 
99m teboroxime retention is much less than that of Tc- 
99m sestamibi. Based on some modeling assumptions, 
transport at the interstitial-parenchymal cell barrier is 
highest for Tc-99m sestamibi, and Tc-99m teboroxime 
has the smallest amount of intracellular distribution, 
which contributes to the observed temporal changes in 
net extraction. 

Overall, Tc-99m teboroxime, T1-201 and Tc-99m ses- 
tamibi have very different cardiac transport mechanisms. 
Therefore, imaging protocols will need to be optimized 
for each particular type of study (both tracer and clinical 
situation). It now appears clear that nuclear cardiology 
will expand into new areas of coronary blood flow imag- 
ing with a full complement of perfusion agents. 
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Technical Aspects of Myocardial Planar Imaging 
with Technetium-99m Sestamibi 


William H. Smith, MS, and Denny D. Watson, PhD 


Fundamental quantitative planar imaging tech- 


niques, evolved over the years, have been adapted 
to maximize the efficiency and clinical effectiveness 
of technetium-99m (Tc-99m) sestamibi imaging. To 
ensure reproducible image interpretation, the Soci- 
ety for Motion Picture and Television Engineers 
test pattern is used to obtain the necessary stan- 
dardization of video and hard copy images. A stan- 
dardized intensity scale intuitively relates count 
densi to perceived brightness. Data are accumu- 
lated via standard 16-frame multiple gated acquisi- 
tion and can be vjewed in cine mode to assess wall 
motion. The images are then automatically summed 
for quantitative analysis ofemyocardial perfusion. 
Excessive extracardiac Tc-99m activity is automat- 
ically suppressed by the computer program to pre- 
vent suboptimal display of the heart. Due to the dif- 
ference in heart background ratio and shape of the 
extracardiac background between resting and ex- 
ercise Tc-99m sestamibi images, a modified inter- 
polative background subtraction algorithm was de- 
veloped. Image registration is necessary for accu- 
rate comparison of the rest and exercise images to 
detect redistribution. This is,automatically accom- 
plished by adjusting the position of the back- 
ground-subtracted and centered images so as to 
maximize the cross-correlation coefficient. Profiles 
are generated to sample the myocardial count dis- 
tribution and can be compared to a normal data- 
base, subject to confirmation by a competent inter- 
preter. Rest redistribution is defined by a change in 
the myocardial distribution of Tc-99m sestamibi 
between exercise and rest images. Flashback dis- 
play is used to identify subtle regions of redistribu- 
tion that often signify residual viability within an in- 
farct zone. In this technique, which maintains stan- 
dard anatomic images for the interpreter, exercise 
and rest background-corrected images are brought 
into registration and each scaled to its maximum 
count so that alternate images can be flashed en 
the screen in the same position. Redistribution ina 
myocardial segment will appear as a suddeg shift ` 
of intensity relative to the remainder of the image 
during flashback. 

(Am J Cardiol 1990;66:16E-22E) 
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y consider planar imaging when technetium- 
99m (Tc-99m) sestamibi is so ideally suited to 
single photon emission computed tomography 

(SPECT)? Planar imaging is still commonly performed 
and may reflect greater experience and refinement of 
technique. Gated planar imaging can be performed using 
available multiple gated acquisition (MUGA) software 
and hardware. This can add wall motion assessment to 
myocardial perfusion imaging using a well-developed fa- 
miliar technique. It requires no additional imaging time 
because the gated image set can be summed to obtain a 
static image for quantitative image analysis. Methods 
discussed hereiN are available now for precise registration 
and subtraction of planar images, which will facilitate 
split dose or simultaneous dual isotope imaging. Planar 
imaging is better suited for studies at bedside or in a 
critical care situation and requires less radionuclide dose 
and less strenuous patient positioning. Spatial resolution 
will necessarily be slightly better in planar images, and 
there will be less distortion from partial volume effects. 
The intrinsic detectability of defects must be the same 
since SPECT images are constructed from planar input ~- 
images and the computer cannot create valid defects if 
these defects are not present in the input planar image 
data. It should be emphasized that special methods of 
background subtraction and meticulous image control 
are required for comparable defect visualization in planar 
images because intrinsic defect contrast is greater with 
SPECT. While higher contrast is often assumed to result 
in higher sensitivity for defect detection, this assumption 
is not strictly correct. A defect can be “detected” only if 
the signal-to-noise ratio is statistically significant. In- 
creasing contrast will not per se improve the statistical 
significance of signal to noise. SPECT cannot decrease 
the statistical noise contained in the input data that will 
propagate through the mathematical reconstruction. 
Consequently, while higher image contrast may lead to 
visual identification of more defects, which will always 
improve sensitivity, the result may be achieved at the 
expense of lower specificity. 

SPECT images are computed from mathematically 
complex reconstruction algorithms so that it may not be 
clear, for example, how a simple motion or attenuation 
artifact in the planar input images will be reconstructed 
into the computed tomographic images. As a result of the 
3-dimensional reconstruction, defect localization should 
be better in SPECT images, but this advantage may not 
always outweigh the cost of increased complexity. Final- 
ly, the fundamentals of good planar imaging that were 
learned over the years can serve as well for SPECT imag- 
ing. Examples of this are the standardization of images, 
the method of image registration to ensure identical sam- 


FIGURE 1. The Society for Motion Picture and 
Television Engineers pattern is designed to test 
many details of the video display or hard copy 
reproduction. The inner ring of squares is a gray 
scale. To the right of the black square is another 
black square with an inset square at 5% intensi- 
ty. To the left of the white square is a white 
square with a 95% inset. The low-contrast bar 
patterns are produced at 1, 3 and 5% modula- 
tion. These features will be visible only if the im- 
age reproduction is excellent. They may not be 
~~ visible in this half-tone reproduction of the test 
pattern. 


pling of rest and stress images, and the flashback tech- 
nique for highlighting regions of ischemia. These tech- 
~~ niques are all applicable to SPECT as well as planar 
imaging. We will review these fundamentals of quantita- 
tive planar imaging as applied to Tc-99m sestamibi. 


IMAGE STANDARDIZATION 

Standardization of video and hard copy images is 
considered to be necessary for reproducible image inter- 
pretation. We use the Society for Motion Picture and 
Television Engineers (SMPTE) test pattern (Fig. 1) to 
fix the video contrast and brightness levels and adjust the 
film imager to achieve recommended values of film densi- 
ty for this test pattern.' No arbitrary manipulation of 
background cutoff, contrast, brightness or film density is 
allowed. All images are made using the standardized 
settings. Background levels are set for a film density of 
0.05 to 0.1 density units and maximum film density is set 
_ between 1.5 and 1.7. These density values are in accor- 
dance with the recommendations of the SMPTE Sub- 
committee on Recommended Practices for Medical Di- 
agnostic Display Devices. ! 

We also use a standardized intensity scale? designed 
to provide intuitively linear monochromatic conversion of 
count density into perceived brightness values. As the 
name implies, this standard “green scale” appears ag a 
scale ranging from dark green through light green and 
finally to pure white. The color hue (shade of green) is 
constant but all 3 primary colors are actually used to 
achieve an expanded scale that is nonlinear in luminance 
but appears linear to the eye. The standard green scale is 
based on the Weber-Fetchner rule? relating luminance to 
human mental perception of brightness. It is designed so 
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that image count density will be related linearly to per- 
ceived brightness value. A ba$e hue of green is used 
because this allows the scale to be designed for simulta- 
neous production of film or otherhard copy. Green is also 
the primary video color in the center of the spectrum of 
human visual sensitivity. The standard green scale runs 
from 20 to 100% cathode ray tube beam intensity rather 
than starting at zero. This offset is used because both 
video tubes and film have a very nonlinear threshold near 
zero beam intensity or film exposure that causes inadver- 
tent background suppression if the translation scale starts 
from zero intensity. This offset also allows imaging of 
background counts without imaging the video raster. This 
is accomplished by the use of a special color translatien 
table that can be adapted for most modern computer 
video imagers. s 


PLACEMENT OF REGIONS OF INTEREST 

Our program requires that the user place a rectangu- 
lar region-of-interest (ROI) around the heart. These 
ROIs will be used for background subtraction, image 
registration and image rescaling. Each ROI should be 
placed so that tħe box just touches the heart on all sides 
(Fig. 2). The right ventricle (RV) should be included in 
the box. However, the part of the RV that extends above 
or below the left ventricle should not be included. 

The user first places a ROI on the exercise image. The 
program then uses the same ROI on th® rest image, 
allowing the user to reposition the box but not to change 
its size. Using the same box for rest images significantly 
reduces operator variability. (By quantitative measure- 
ment, the epicardial diameter of the heart does not 
change between exercise and rest images to such an ex- 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


PLACEMENT 
OF RO/ 


Initial ROI 


The initial ROI should be 


IMAGE FIELD 
expanded on all sides by: 


Height of initial ROI + Matrix size (64 or 128) 
12 32 


FIGURE 2. The region-of-interest (ROI) just touches the heart 
on all sides and includes the right ventricle. The ROI is then 
expanded so it lies in the background. The expansion depends 
on the matrix size and the height of the box in pixels. (Brack- 
ets denote that the result should be truncated.) 


tént as to require resizing of the delineating box. Suben- 
docardial ischemia often makes the*‘cavity” of the heart 
appear to shrinkein the rest images. This is largely the 
result of redistribution into subendocardial regions and 
not primarily the result of®persistent overt cardiac en- 
largement caused by exercise. The latter is less likely to 
occur with Tc-99m sestamibi since imaging is delayed for 
30 minutes to 1 hour after exercise.) At any time, the user 
can instantly rescale the image to optimize placement of 
the ROI. This is especially useful for raw Tc-99m sesta- 
mibi images since the @xtracardiac activity may cause 
improper scaling. Once the ROI is placed, the program 
will automatically rescale the images to the hottest pixel 
inside the ROI. 

Finally, the program automatically expands each 
ROI as indicated by Figure 2. This is done so that the 
ROI borders lie entirely in the background and do not 
include edge activity from the heart. Having the operator 
set the region to “touch” the heart and the computer to 
expand this region minimizes operator variability in set- 
ting the initial regions. 


BACKGROUND SUBTRACTION 

, Background subtraction is essential to planar imaging 
both for valid quantification and for restoration of defect 
contrast adequate for visual assessment. Background for 
Tc-99m sestamibi images is more critical than for thalli- 
um-201 (T1-201) because of the need to make close com- 
parison of images after exercise injection with images 
after rest injection. The heart background ratio and shape 
of the extracardiac background is quite different*at rest 
compared to exercise. A modification of the ipterpolative 
background algorithm used for Tl-2014 has been devel- 
oped at our institution*® and was also recently tested at 
Yale by Koster et al.’ This modification does not signifi- 
cantly change the quantitative results of exercise and 
delayed redistribution imaging of Tl-201 and is thus in- 
terchangeable for TI-201 imaging. In some cases, it will 
give improved results with resting injection of Tl-201 
with or without dipyridamole because of improved sepa- 
ration of the high adjacent visceral activity. The modifi- 
cation should always be used with Tc-99m sestamibi im- 


aging. 
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Background subtraction is the removal of the back- 
ground, or more precisely the “tissue crosstalk,”® from - 
the raw image. (Neither this method nor SPECT pro- 
vides exact compensation for tissue crosstalk. A more 
detailed discussion of the rationale and limitations of this 
method appears in another report.*) For each image, a 
background is generated automatically from the 
smoothed image using the expanded boundary (Fig. 3). 
The background is then subtracted from the unsmoothed 
raw image. This leaves myocardial activity and a random 
pattern of residual counts outside the heart that reflect 
Poisson statistical noise. This pattern is useful for check- 
ing the correctness of the background plane. 

With the modified algorithm, the expanded ROI may 
cross areas of intense extracardiac uptake, such as liver or 
lung, or local regions of abnormally low uptake, such as 
the edge of the chest wall or a pacemaker shadow, with- 
out propagating error into the background-subtracted 
myocardial image. This is accomplished by excluding the 
coldest 20% of boundary pixels as well as the hottest 50% 
in the computation of the average boundary value (vari- 
able V in Fig. 3). 


RESCALING OF TECHNETIUM-99m 
SESTAMIBI IMAGES 

Tc-99m activity in the viscera often exceeds that of 
the heart in Tc-99m sestamibi images. This normally 
causes the computer to scale image intensities to the 
extracardiac activity, which will cause erratic and subop- 
timal imaging of the heart (Fig. 4). Our computer pro- 
gram for quantitative Tc-99m sestamibi imaging auto- 
matically suppresses activity outside the heart if it be- 
comes great enough to cause suboptimal imaging of the 
heart. This feature should be incorporated in all computer 
programs used for Tc-99m sestamibi imaging, whether 
planar or SPECT. 

The computer rescales the raw image to the hottest 
pixel in the initial ROI (not the expanded ROI). Any 


INTERPOLA TIVE 
BACKGROUND SUBTRACTION 


W,8tW,b*+W,ct+Wadt64V 
Wat Wb +t Wo + Wat 64 


Wa = (X,/X,)? We = (Y/Y) 


Wb = (X,/X,)? Wa = (Y,/Y,)? 


IMAGE FIELD V= AVERAGE OF BOUNDARY VALUES 


FROM 20th TO 50th PERCENTILE 


FIGURE 3. A rectangular background boundary is set by the 
operator to touch the edges of the heart. The computer pro- 
gram expands this boundary and generates a background ref- 
erence plane according to the equations on the right. This 
equation is written so as to be independent of matrix size. The 
constant 64 is not related to the matrix but actually controls 
the steepness of the rolloff from boundary to background be- 
neath the heart. Pixel counts on the expanded boundary are 
sorted from the lowest to the highest, and V is the average of 
all those values included from the 20th to the 50th percentile. 
ROI = region-of-interest. 





pixel outside the initial ROI that is hotter than the heart 
will be automatically reset to 50% of the maximum heart 
pixel. This easily identifies hot extracardiac areas that 
have been scaled downward. The background-corrected 
images are also automatically rescaled in cases where the 
hottest pixel lies in the expanded ROI but not in the initial 
ROL. 


IMAGE REGISTRATION 

Accurate comparison of rest and exercise images for 
detection of redistribution requires that the images be in 
registration with each other. Image registration is the 
alignment of sequential images of a particular view (e.g., 
_ 45° left anterior oblique). The image registration tech- 
“niques we have developed require no operator interven- 
tion and thus introduce no additional operator variabili- 
ty.*” These techniques ensure that rest and exercise pro- 
files sample the same myocardial regions. They also 
enable the use of the flashback technique for the detec- 
tion of subtle redistribution. This techniqye will be dis- 
cussed later. 

Initially, each background-corrected image is cen- 
tered by finding the 2-dimensional centroid of the image 
(inside the expanded ROI) and then shifting the image so 
that the centroid is located in the center of the image 
matrix (Fig. 5). This is done for both the rest and exercise 
background-corrected images. 

However, the rest image requires a more precise align- 
ment with the exercise image than centering alone can 
‘provide. After centering, a cross-correlation technique is 
performed that aligns the rest image with the exercise 


Z9YOF SESTAMIBI, NL 


5 45LA0 REST 45LAO 


FIGURE 4. The stress and rest images on the bottom have 
been scaled normally by the computer. The intense visceral 
uptake in the rest image has caused suboptimal image display. 
The images above have been rescaled to the maximum count 
in the heart, a feature incorporated automatically in the quan- 
titative analysis program. LAO = left anterior oblique; 

NL = normal. 
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FIGURE 5. The background-corrected image is centered by 
computing the X and Y centroids that define the center of 
gravity. Then the image is shifted so the center of gravity now 
lies in the center of the i image matrix. Any counts outside the 
expanded region-of-interest (not shown) are not mnchactodd | in. 
the computations. 
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FIGURE 6. A final adjustment is made to the positioning of 
the background-corrected rest image by maximizing the 
cross-correlation coefficient with the exercise image. The 
computation is performed using the X (column) sums and the 
Y (row) sums inside the expanded region-of-interest (ROI). 
BKG = background. m 


image according to a 2-dimensional least-squares criteri- 
on. This is accomplished by iteratively translating the 
position of the rest image to maximize the cross-correla- 
tion coefficient with the exercise image (Fig. 6). Actually, 
the X and Y summed profiles are used instead of comput- 
ing a þixel-by-pixel correlation coefficient. Again, only 
the elements in the expanded ROI are compared. 


kd 

PROFILE GENERATION 

After subtraction of the reference plane to compen- 
sate for tissue crosstalk and registration of the images to 
facilitate precise comparisons, quantification becomes 
the relatively simple matter of finding a convenient way 
of indicating image count density. In our view, the most 
basic and transparent way of doing this is to display count 
profiles across the heart.* Four profiles will sample the 
myocardial count distribution adequately within the limi- 
tations of image resolution (each profile represents an 
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GAMMA CAMERA 
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a a 


AT 
B 


—— EXERCISE 
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-=-= REST 
PROFILE 


PROFILE COUNTS 


RATIO OF 

DEFECT/PEAK 
DOES NOT CHANGE 
A/B IS CONSTANT 


FIGURE 7. This figure defines a “persistent” defect. Consider 
the gamma camera image of a heart consisting of normal 
myocardium with normal tracer uptake and interdigitated scar 
with no tracer uptake. A profile of resulting activity is shown 
to the right. The ratio of®àctivity in the defect zone (A) to nor- 
mal zone (8) will remain the same in exercise (EX) and rest 
images because it is determined entirely by the geometry of 
the scar within the myocardium. 


o 
average of about a 1-cm-wide slice &cross the heart) and 
provide an intelligible display. 

The circumferential profile mgthod provides a more 
compact and dense single-curve display of counts sam- 
pled around the myocardial “rim” and allows the simple 
plot of a second profile indicating normal limits. Circum- 
ferential profile generation requires location of the center 
and edge of the myocardium and a computer search for 
some parameter, usually maximum count or integrated 
counts, along a radial profile from center to edge. The 
curve display also requjres a reference angle, usually the 
apex, to be located by an operator. Consequently, there is 
more operator intervention and variability and a less obvi- 
ous relation between the curves and myocardial images 
than for linear profiles. However, in our opinion, either 
method will provide an adequate and ultimately equiva- 
lent quantitative representation of myocardial activity. 
Either method facilitates standardization and repreduc- 
ibility of image interpretation. 


NORMAL DATABASE 

e Data from “normal” subjects may be incorporated 
into the computer program and indicated in the output as 
normal limits. The normal limits should be checked and 
modified as necessary by each user. Perfusion defects and 
especially redistribution should be confirmed by quanti- 
tative criteria. Computer results should always be subject 
to interpretation and confirmation by a competent spe- 
cialist. Many normal variants can be easily recognized by 
an interpreter but not by the computer. Gender-Specific 
normal limits have been suggested to Cope with breast 
attenuation artifacts. However, in our experience, atten- 
uation artifacts are so varied that it may be better to use a 
single normal standard and judge by the image pattern 
and body habitus if a region of reduced activity was 
caused by attenuation. 


QUANTITATION OF REST REDISTRIBUTION 
Redistribution must be defined before it can be quan- 

titatively determined. The definition we use works equal- 

ly well for Tc-99m sestamibi and Tl-201. As shown in 
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Figures 7 and 8, a persistent defect is one in which the 
ratio of activity in defect to normal myocardium is con- - 
stant. “Rest redistribution” is defined by a statistically 
significant change in this ratio when comparing exercise 
with rest images. This definition is identical to our con- 
ventional definition of redistribution with TI-201 delayed 
images. However, to reduce confusion, we would refer to 
the latter as “delayed redistribution.” In either case, the 
terms denote literally a change of tracer distribution 
within the myocardium. Myocardial washout rate after 
an intravenous systemic injection of Tc-99m sestamibi is 
minimal and is not analyzed. This definition does not 
depend on absolute washout rate. 

The standard computer display of a normal Tc-99m. 
sestamibi study is shown in Figure 9 (A and B). A raw a 
image is displayed next to the image after background 
subtraction has been performed. Profiles appear below 
the image. Exercise profiles are scaled so the maximum 
value is at full scale. Rest profiles are scaled with the 
maximum valye at 75% full scale to facilitate comparison 
when exercise and rest profiles are overlapped. Figure 9C 
shows an alternative “survey” screen that displays all 6 
images simultaneously. 


FLASHBACK DISPLAY 

The detection of subtle redistribution, which often 
indicates residual viability within an infarct zone, re- 
quires very close comparison of defect ratios between 
exercise and rest images. This can be done by producing 
functional images that represent ratio maps. However, 
these are completely abstract images that lack the trans- 
parency to be very robust as clinical tools. We have devel- 
oped an alternative method that has been more enthusias- 
tically accepted by clinicians. As previously stated, the 
exercise and rest background-corrected images have been 
brought into registration so that they match pixel for 
pixel. Next, these images are each scaled to their maxi- 
mum count and are then displayed so the alternate image 
can be instantly flashed back on the screen in the same 
position. Thus, if the tracer distributions of both images 
are unchanged, the flashback image will be identical ex- 
cept for statistical noise. If there has been redistribution 
in a myocardial segment, that segment will exhibit a 
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FIGURE 8. This figure defines “redistribution.” Assume all 





myocardium is viable but a transiently ischemic region has 
caused reduction of myocardial uptake in the defect zone (A) 
compared to a normally perfused zone (B). In rest images (or 
in delayed redistribution images) the ratio of A/B will change 
toward unity. EX = exercise. 


38 YOM SESTAMIBI NL 


HEART SIZE (pixels) 
(126x126 matrix) 


46 wide x 36 high 
profiles are 6@ long 


A 


FIGURE 9. A and B, the normal display screens for vi- 
sual and quantitative analysis of the 45° left anterior 
oblique (LAO) views. C, an optional screen showing all 
6 images simultaneously below while allowing a choice 
of 2 normal-sized processed images for display above. 
NL = normal. 


sudden shift of intensity relative to the remainder of the 
image during flashback. This allows very sensitive visual 
identification of regions of redistribution while maintain- 
ing standard anatomic images for the interpreter rather 
than functional abstractions. 


GATED IMAGE ACQUISITION 

Standard 16-frame MUGA acquisition is used for Tc- 
99m sestamibi imaging. Gated images are then vieweddn 
cine mode. Our program for perfusion image processing 
recognizes the gated images and automatically sums 
them into a single static image for quantitative analysis. 
The nonzoomed 10-inch camera field of view is nearly 
optimal as it will encompass the entire heart and enough 
area around the heart from which to derive the back- 
ground reference plane. When a 15-inch camera is used, 
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we recommend a zoom of about 1.5X to maintain a 10- 
inch total field of view. 


QUANTITATION OF SPLIT DOSE 

Tc99m sestamibi does not significantly redistribute 
within the first few hours of injection. Consequently, an 
injection given at rest must be compared with an exercise 
injection or one given after dipyridamole infusion. This 
can be done the same day!’ using a small dose for the 
initial injection followed by a much larger dose. Alterna- 
tively, the first injection can be subtracted along with the 
background. This procedure is facilitated by the comput- 
er program described since initial and delayed images are 
automatically brought into precise registration and back- 
ground subtraction is performed routinely. Modification 
to include the first image as part of the background is 
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simple. This technique will be evaluated to determine the 
optimum way of splitting the total dose to obtain 2 studies 
in a single day. 


DUAL ISOTOPE 

Tl-201 has a theoretical advantage as a viability 
marker because delayed redistribution can occur if there 
is intact cell membrane function even in a chronic low- 
flow state. Moreover, the possibility of simultaneous dual 
isotope imaging is intriguing. If Tc-99m sestamibi were 
injected during stress and Tl-201 injected after stress, a 
single delayed image performed so as to determine the 
ratio of Tc-99m to TI-201 activity could at once deter- 
mine both perfusion amd viability. By virtue of being 
accumulated simultaneously, both images would be in 
exact registration, at exactly the same angle and with 
exactly the same overlying body tissue. Comparative 
sampling of identical myocardium would be automatic. 
Tifis Would obviate many imaging difficulties. The tech- 
nical problems of spectral decomposftion of Tc-99m and 
Tl-201 activity are substantial, particularly due to the 
fact that Compton scatter contribuying to “spill-up” and 
“spill-down” fractions will bé&dependent on body habitus. 
Devising analytic methods to compensate for this will be 
challenging, but the potential advantages make this wor- 
thy of investigation. 


CONCLUSION 

The basics of compufer processing discussed herein 
include optimizing and standardizing the images, separa- 
tion of myocardial activity from background, image reg- 
istration and precise sampling for comparing initial and 
delayed images, and viability detection based on a ratio- 
nal quantitative definition of redistribution. This quanti- 
tative approach places reproducibility as a high priority 
because reproducible standards must exist for a test to 
have broad acceptance. The computer is used as an essen- 
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tial tool for measurement but not to displace clinical 
wisdom and logical subtlety. These principles are not 
confined to planar imaging or a particular method or 
tracer. For the most part, this represents common engi- 
neering principles applied to perfect the art of myocardial 
perfusion imaging into a science or at least a craft. Our 
experience leads us to conclude that, whether by planar or 
SPECT, perfection of the method will lead to greater 
gains in clinical efficacy than pursuit of technological 
invention. 
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Most reports to date using single photon emission 
computed tomography (SPECT) with technetium- 
99m (Tc-99m) sestamibi have used acquisition pa- 
rameters that were optimized for thallium-201. To 
fully utilize the superior imaging characteristics of 
Tc-99m sestamibi, there is a need to optimize the 
technical aspects of SPECT imaging for this agent. 
Performance can be enhanced through the careful 
selection of optimal radiopharmaceutical doses, im- 
aging sequences, acquisition parameters, recon- 
struction filters, perfusion quantification methods 
and multidimensional methods for visualizing perfu- 
sion distribution. The current report describes the- 
oretical considerations, phantom studies and pre- 
liminary patient results that have led to optimized 
protocols, developed at Emory University and Ce- 
dars-Sinai Medical Center, for same-day rest- 
stress studies, given existing instrumentation and 
recommended dose limits. The optimizations were 
designed to fit a low-dose—high-dose rest-stress 
same-day imaging protocol. A principal change in 
the acquisition parameters compared with previous 
Tc-99m sestamibi protocols is the use of a high- 
resolution collimator. The approach is being devel- 
oped in both prone and supine positions. A new 
method for extracting a 3-dimensional myocardial 
count distribution has been developed that uses 
spherical coordinates to sample the apical region 
and cylindrical coordinates to sample the rest of the 
myocardium. New methods for visualizing the myo- 
cardial distribution in multiple dimensions are also 
described, with improved 2-dimensional, as well as 
3- and 4-dimensional (3 dimensions plus time) dis- 
plays. In the improved 2-dimensional display, dis- 
tance-weighted and volume-weighted polar maps 
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are used that appear to significantly improve the 
representation of defect locatitn and defect extent, 
respectively. The protocols established and the 
methods developed for acquisition, quantification 
and display of Tc-99m sestamibi SPECT should 
provide improved image quality and accuracy, com- 
pared to current thallium-201 and Tc-99m sefta- 
mibi studies reported to date. 

(Am J Cardiol 1990;66:23E-31E) 


physical characteristics that make it a superior im- 
aging radiopharmaceutical compared to thallium- 
201 (Tl-201). The higher energy gamma rays emitted by 
Tc-99m photons (140 keV) compared with TI-201 pho- 
tons (80 keV) are significantly Iss affected by Compton 
scatter and attenuation as they traverse the patient. Our 
calculations indicate that the acquired Tc-99m sestamibi 
myocardial count distribiftion is generated by radiation 
that, on the average, undergoes 50% less Compton scatter 
and 20% less attenuation than TI-201. This reduced inter- 
action within the patient results in better inherent imag- 
ing characteristics and a lower radiation exposure to the 
patient per millicurie of tracer injected. In addition to 
exhibiting lower radiation absorption, the significantly 
shorter half-life of Tc-99m (6 hours) versus TI-201 (73 
hours) permits administration of a much higher dose ‘of 
radioactivity, resulting in a higher photon flux and a 
significantly higher counting rate. Moreover, the higher 
energy I'c-99m gamma rays, once absorbed by the sodi- 
um iodide crystal of the gamma camera, emit significant- 
ly more light, allowing for better positioning by the photo- 
multipliers and a higher inherent spatial resolution. 
With respect to single photon emission computed to- 
mogrdphy (SPECT), the superior imaging characteris- 
tics of Tc-99m sestamibi compared to T]-201 can be fully 
realized Only if the technical aspects of myocardial 
SPECT are optimized. These technical aspects include 
radiopharmaceutical dose, imaging sequence, acquisition 
parameters, reconstruction filters, perfusiqn quantifica- 
tion methods and multidimensional methods for visualiz- 
ing the perfusion distribution. The current report de- 
scribes the approach to optimization of the Tc-99m sesta- 
mibi SPECT studies undertaken as a combined effort of 
the nuclear cardiology sections of Emory University and 
Cedars-Sinai Medical Center. 


"| poseatchencte (Tc-99m) sestamibi offers 
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CARDIAC INSERT SPECIFICATIONS 


45° defect 
concentraton = 0.25 


» 
myocardial wall 
concentration = 


A - apical uniformity slice 
8B - contrast slice 
C - basal uniformity slice 


FIGURE 1. Cardiac phantom configuration used to optimize 

imaging protocol. Note locStion and relative concentration of 
the 2 defects used for determining defect contrast. The rela- 
tive myocardial wall concentration of 1 corresponded to ap- 

proximately 6 .Ci/ml. å 


ee; 

METHODS ° 

Acquisition proțocol: We have used a same-day imag- 
ing protocol involving a low-dose resting study followed 
by a high-dose stress study.eThis Approach allows the 
studies to be completed in 1 day, yields high image quali- 
ty for the more important stress study and circumvents. 
the reported problem of difficulty in assessing defect re- 
versibility when the stress study is performed first.’ 

Patient preparation: Doses chosen were optimized 
within the limits of a 30 neCi total dose on day 1 imposed 
by the proposed package insert, which is under evaluation 
by the Food and Drug® Administration. The standard 
doses of Tc-99m given for a patient weighing 70 kg are 
8 mCi for the resting study apd 22 mCi for the stress 
study. In our experience, doses smaller than 8 mCi for the 
resting studies are associated with inadequate image 
quality. For a heavier patient, these doses are scaled up to 
a maximum of 9 mCi and 25 mCi, respectively. Patients 
are given 236.5 ml whole milk 15 minutes after receiving 
the injected dose to facilitate tracer clearance from the 
gallbladder. Imaging begins 1 hour after the injection for 
the resting study, and 30 minutes after the injection for 
the *stress study. The earlier post-stress imaging period 
wag selected to minimize the effect of possible minimal 
redistribution of the tracer. Standard symptom-limited 
treadmill exercise is performed using the Bruce protocol 
with the injection of Tc-99m sestamibi at the peak of 
exercise and continuation of exercise for an additional 
minute. A delay of 3 to 4 hours between the studies allows 
the radioactivity from the resting study to decaye29 to 
37% before the stress study is begun. The 4-hour interval 
is preferred because of the additional reduction in back- 
ground counts and our observations that this interval 
offers optimum patient throughput. 

Acquisition parameters: Optimization of the acquisi- 
tion parametérs for single-detector camera systems was 
performed using phantom studies. The contrast of simu- 
lated defects and uniformity of normal slices were used as 
parameters for evaluating imaging characteristics. Maxi- 
mal-count circumferential profiles extracted from a 
short-axis slice cutting through 2 defects were used to 
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measure defect contrast. The maximum counts in the 
profile were identified as well as the minimum counts for 
the 2 defects. Contrast for each defect and each imaging 
configuration was determined as follows: contrast 
(maximum counts — minimum counts)/maximum 


counts. — i 
Maximal-count circumferential profiles extracted 


from 2 short-axis slices cutting through regions of homo- 
geneous tracer distribution toward the base and toward 
the apex were used to measure uniformity of normal 
slices. The mean counts of the circumferential profile (as 
well as the standard deviation) were calculated for each 
of the 2 normal slices in each imaging configuration. 
Uniformity of these slices was determined in the follow- 
ing manner: uniformity = standard deviation/mean 
counts. 

The phantom used for optimizing the acquisition pa- 
rameters consisted of an elliptical water bath (30.5 cm 
major axis, 22 cm minor axis, 18.6 cm height) with simu- 
lated cardiac, lung and spine inserts. The 2 lung inserts 
were made of Styrofoam in the shape of lungs surround- 
ing the heart. The spine insert consisted of a 5 cm diame- 
ter plastic cylinder filled with bone meal. The cardiac 
insert consisted of a plastic chamber simulating the left 
ventricular chamber surrounded by a 1-cm-thick plastic 
chamber simulating the left ventricular myocardium. 
Two smaller fillable chambers (1 cm thick, 2 cm long) 
were used to simulate hypoperfused defects. All cham- 
bers were filled according to the relative concentrations 
shown in figure 1 simulating the count distributions mea- 
sured from patient studies with 25 mCi of Tc-99m sesta- 
mibi. All acquisitions were completed while keeping the 
total time of acquisition constant after correcting for 
physical decay of Tc-99m between studies. 

The following parameters were evaluated: (1) sym- 
metric versus asymmetric energy windows; (2) high-reso- 
lution versus all-purpose collimators; (3) circular versus 
elliptical camera orbits; (4) 180° versus 360° camera 
orbits; (5) 64 X 64 versus 128 X 128 matrices; and (6) 
number of projections. 

Quantitative protocols are being developed for both 
the prone and supine positions. The time per projection 
has been set at 25 seconds for the resting study and 20 
seconds for the exercise study. These time settings limit 
total acquisition time to <30 minutes, which in our expe- 
rience represents the maximal time routinely well tolerat- 
ed by patients. The exercise study is electrocardiogram- 
gated using 8 frames for the cardiac cycle. 

Reconstruction protocol: The acquired projections of 
the rest and exercise studies were corrected for radioac- 
tive decay from the beginning of image acquisition. 

Reconstruction: The transaxial tomograms were re- 
constructed as slices 1 pixel (6.4 mm) thick using a Ramp 
filt&r and were reoriented along the vertical and horizon- 
tal long axes and the short axis of the left ventricle. Once 
reoriented, the 6.4-mm slices were combined 2 frames at 
a time and increased by 1 frame each time to yield a 
thickness of 12.8 mm every 6.4 mm of length. This re- 
framing produced slices with twice the count density / 
pixel with equal spatial resolution in all directions. 


Filter selection: A filter evaluation was conducted to 


t determine the optimal two-dimensional, preprocessing 


filter parameters for Tc-99m sestamibi imaging. The pre- 
viously described phantom containing 2 defects was used 
for this evaluation. The optimum filter selected was that 
which supplied the best contrast in the tomogram con- 
taining the 23-mm and 45-mm defects with an acceptable 
uniformity in the tomogram containing uniform activity. 
These studies were acquired using a 64 X 64 matrix and 
low-energy all-purpose (LEAP) collimator as well as a 
128 X 128 matrix and high-resolution collimator. Butter- 
worth and Hamming filters were studied. 

Quantitation and display: Conventionally, maximal- 
count circumferential profiles are routinely extracted 
from short-axis slices? and vertical long-axis slices? to 
represent the 3-dimensional myocardial tracer distribu- 
tion. These profiles are subject to partial-volume effects, 
particularly in the apical region. Thus, a new technique 
has been developed to generate count profiles from a 
hybrid, 2-part, 3-dimensional sampling scheme of 
stacked, short-axis slices.4 This new technique ensures a 
radial sampling that is perpendicular to the myocardial 
wall at all points and provides a more accurate represen- 
tation of the perfusion distribution. The need for subjec- 
tively defining the apex also is avoided. 

Three-dimensional sampling: Maximal-count cir- 
cumferential profiles are automatically generated from 
the short-axis slices using a 2-part sampling scheme (Fig. 
2). First, the apical cap is identified as stacked, short-axis 
slices that form a hemisphere; i.e., the radius (mm) of the 
top slice of the stack is equal to the depth (mm) of the 
stack (Fig. 2, left). The apical cap then is sampled in a 
spherical coordinate system as seen in the bottom right 
diagram of Figure 2. Each point in the profile represents 
the maximum counts/pixel encountered along the radius 
of search for each phi and theta angular sample. The 
remaining portion of the myocardium is relatively cylin- 
drical in shape and is sampled slice-by-slice using a cylin- 
drical coordinate system (Fig. 2, top right). 

The radii corresponding to the distance from the cen- 
ter of reference to the location of the extracted maximal 
counts are filtered in both depth and angle using a 3 X 3 
low-pass filter kernel. The filtered radii then are assem- 
bled as circles and transformed into Cartesian coordi- 
nates. These coordinates, along with their associated 
maximal counts, are recorded and used to generate 2-, 3- 
and 4-dimensional visualization models. 

Two-dimensional polar maps: One of the more popu- 
lar forms of visualizing myocardial perfusion is by using 
2-dimensional polar maps.” These polar maps are con- 
structed by mapping sequential maximal-count circum- 
ferential profiles, extending from the apex to the base, 
into successive rings on the polar map. The apex is 
mapped into the center of the polar map and the base is 
mapped into the periphery of the polar map. A standard 
2-dimensional polar map for an abnormal phantom study 
is shown in the top right of Figure 3. The vertical long- 
axis and short-axis slices corresponding to a cardiac 
phantom with defects at the anteroapical and anterolater- 
al regions are shown in Figure 4. Note that the standard 
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Two-Part Three-Dimensional Sampling Scheme 


Left Ventricular Myocardi&m 
Consisting of Stacked Short-Axis Slices 





Sampling In Spherical Coordinates 


FIGURE 2. Three-dimensional hybrid sampling scheme. This 
scheme for extracting the myocardial tracer distribution was 


designed to search for the maximign counts along a radius 
perpendicular to the myocardial wall, to eliminate partial-vol- 
ume effects. P 


polar map does not accurately represent the extent of the 
anteroapical defect seen on the slices. This discrepancy is 
due to sampling errors encountered in apical slices as a 
result of the method used in generating the polar maps. 

Two new polar maps have been developed to use the 
more accurate information that is extracted from the 
short-axis slices by the 2-part sampling scheme described 
earlier.4 The first polar map is called the “distance- 
weighted polar map” and is constructed so that every ring 
in the polar map is of the same width. The width for a 
given study is determined by dividing the radius of the 
polar map by the total number of sampled segments 
(spherical rings + cylindrical slices). The phantom study 
contained 28 sampled segments (11 spherical rings and 
17 cylindrical slices). The polar map was drawn at a 
resolution of 256 X 256, with a radius of 128 pixels, and 
had rfngs that were 4.57 pixels wide. The raw distance- 
weighted polar map for the phantom study is shown in the 
top righteof Figure 5. This polar map is similar to that 
currently used with Tl-201 scintigraphy in the Cedars- 
Sinai Medical Center approach with the difference being 
in the method of sampling the apex spherigally using the 
short-axis rather than the vertical long-axis tomograms. 

The second polar map is called a “volume-weighted 
polar map” and is constructed in 2 parts. First, the vol- 
ume of the apical cap is determined, and its percentage of 
the total volume is calculated. The apical cap then is 
mapped so that the area of the apical cap is the same 
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FIGURE 3. Standard raw and blackout polar maps for the normal and abnormal phantom studies. 
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FIGURE 4. Vertical long-axis slices and short-axis slices from the abnormal phantom study. Tc-99m = technetium-99m. 


FIGURE 5. Volume-weighted and distance-weighted raw and blackout p6lar maps for the abnormal phantom study. 


FIGURE 6. Three-dimensional surface rendering of the raw abnormal phantom showing the extent and location of the 2 defects 
using the model that represents the true shape of the myocardium. The model has been tilted at 30° to simulate the position of 
the heart withi® the thorax. The projection on the left is an anterior view (or viewed from 0°); the projection on the right is an 


anterolateral view (or viewed from 45°). 


FIGURE 7. Three-dimensional surface rendering of the blackout abnormal phantom, with 30° tilt: Jeftis an anterior view; right 


is an anterolateral view. 


FIGURE 8. Three-dimensional model of a multiple-gated patient single photon emission computed tomography (SPECT) study 
surrounding 


shown from 2 different projections. Note that the eighth frame ef both projections has lower counts than 


due to rejection of ectopic heartbeats. 


26E THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


frames 





percentage of the total area of the polar map as the 
volume of the apical cap is of the total volume of the 
myocardium. Each ring within the apical cap is con- 
structed of equal width. For the remainder of the myocar- 
dium, the area of each ring is proportional to the volume 
of the corresponding slice. The resultant raw volume- 
weighted polar map is shown in the top left of Figure 5. 
This volume-weighted polar map makes the relative 
2-dimensional area of a defect equal to the relative 
3-dimensional volume of that defect (i.e., it corrects for 
spatial distortions inherent in displaying a 3-dimensional 
volume 2-dimensionally and also takes into account vari- 
ations in slice mass from apex to base). 

These 2 new polar maps were tested in phantom stud- 
ies and patient studies. For the phantom studies, both a 
normal phantom and an abnormal phantom were used. 
The inferoseptal wall of the 2 phantoms (between 6 
o'clock and 9 o’clock on the polar maps) was used to 
normalize the 2 studies because it was the most uniform 
in tracer concentration. This normalization process in- 
volved summing all of the counts in the inferoseptal wall, 
excluding the apical cap and the last 3 cylindrical slices, 
and dividing the sum from the normal phantom by the 
sum from the abnormal phantom. The counts in the ab- 
normal phantom then were multiplied by the factor re- 
sulting from the normalization calculation. Blackout 
maps were then generated where the extent of the abnor- 
mal regions with reduced counts was highlighted in black. 
These blackout maps corresponding to the standard, dis- 
tance-weighted and volume-weighted polar maps were 
calculated by setting to 0 all pixels in the polar maps that 
were below the counts in the normal map, minus 28%. 
This 28% threshold, which was used to identify the extent 
of the abnormal regions with reduced counts, was deter- 
mined by calibrating the defect volume measured by wa- 
ter displacement to the defect volume blacked-out in a 
true 3-dimensional representation of the phantom. A 
standard blackout map is shown in the bottom right of 
Figure 3. The volume-weighted and distance-weighted 
blackout maps are shown in the bottom left and bottom 
right, respectively, of Figure 5. The area that each 
blacked-out defect occupied, as a percent of the total area 
of the polar map, was compared with the percent of the 
total volume that each defect occupied, as measured by 
water displacement. The ratio of the blacked-out area of 
the 2 defects also was compared with the ratio of the 
volume of the 2 defects. 

Ten patient cases also were used for evaluating the 
new polar maps. For each case, 3 polar maps were gener- 
ated: standard, distance-weighted and volume-weighted. 
Two expert observers were asked to subjectively rank the 
3 polar maps from best to worst, in terms of the accuracy 
of defect location and size, and apical perfusion distribu- 
tion, compared with the patient’s short- and vertical long- 
axis slices. 

Three-dimensional visualization: We currently are 
using 2 models for visualizing perfusion information in 3 
dimensions: an ellipsoidal model; and a model that more 
closely represents the true shape of the myocardium. The 
ellipsoidal model is a generalized ellipsoid that offers the 
advantage of being a standardized shape from patient to 
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patient, much like the 2-dimensional polar maps are a 
standardized shape from patient to patient. The true 3- 
dimensional model uses the filtered and transformed Car- 
tesian coordinates of the maximal-count circumferential 
profile points to represent the myocardium and offers the 
advantage of more accurately depicting the patient-spe- 
cific shape of the myocardium. Both models can be ren- 
dered using the raw profile map or the blackout profile 
map (Figs. 6 and 7). 

The 3-dimensional models are generated using MAX, 
a modeling software package developed at the Georgia 
Institute of Technology.> The models’are built using her- 
mite patches, which are surface descriptors in MAX, 
consisting of 4 vertices with anormal vector at each 
vertex. The patch passes through the 4 vertices and forms 
a cubic spline surface defined by the vertices and the 
vertex normals. The points on the patch surface are locat- 
ed by interpolating the vertex normals and fitting a cubic 
polynomial through the adjacent points and the ifter‘po- 
lated normal vectérs. One hermite patch is created for 
each of the maximal-count profile points. The vertices 
and vertex normals age based on the equation of an ellipse 
for the ellipsoidal model hd on the filtered and trans- 
formed Cartesian coordinates of the maximal-count 
points for the true 3-dimensional model. The color of each 
patch is assigned based on the counts in the raw profile 
map for the raw 3-dimensional model, or the blackout 
profile map for the blackout 3-dimensional model. MAX 
is used to render the model as% smooth-shaded surface, 
viewed from any orientation in space. Each point in the 
myocardial surface is color-coded according to the count 
density at that location and shaded according to the angle 
that an imaginary light source makes with the surface 
and the observer’s frame of reference. Optimal rendering 
requires the use of 24 bits/pixel to generate a display that 
truly appears 3-dimensional to the eye. A cine loop can be 
created by rendering multiple projections of the model 
over 360° and playing back the projections at any desir- 
able frame rate. 

Four-dimensional visualization: The true 3-dimen- 
sional model can be extended to 4 dimensions (3 digien- 
sions plus time), where the color of each patch in, the 
model, corresponding to count density, is proportional not 
only to tracer concentration, but also to wall thickness. 
The temporal dimension is obtained by electrocardio- 
graphic gating of the tomographic acquisition. A multi- 
ple-gated tomographic perfusion study is acquired in 
much the same way as a static acquisition, except that the 
cardfac cycle is divided into 8 segments. Each of these 
segments is treated as 1 static acquisition. When the 
gated study is completed, there are 8 separate static stud- 
ies corresponding to the 8 segments of the cardiac cycle. 
These 8 studies then are built into 3-dimensional models 
as previously described, with the counts in each study 
normalized to the maximal count among the 8 studies. To 
create a cine loop of the gated perfusion data, all 8 seg- 
ments of the cardiac cycle are rendered for each of 10 
projections of the model over 360°, giving a total of 80 
projections at a resolution of 256 X 192 each. The 8 
segments of a gated patient study for 2 different projec- 
tions are shown in Figure 8. 
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TABLE I Defect Contrast and Normal Slice Uniformity Measured for Different Acquisition / Reconstruction Protocols 


Contrast 


Camera Orbit 


Circular 180° 
Elliptical 180° 
Circular 360° 
Elliptical 360° 


Uniformity 


128 = 128-matrix, Butterworth 0.72/5, 3-dimensional 27 point smooth; 64 = 64-matrix, Butterworth 0.52/5, reframed to 2 pixels 
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RESULTS 

Acquisition parameters: The results of the phantom 
studies with respect to acquisition parameters are sum- 
marized, in part, in Table I and Figures 9 and 10. The 
parameters chosen as optimal for the rest and exercise 
count-density studies were a 20% symmetric energy win- 
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FIGURE 9. Short-axis and vertical long- 
axis tomograms of the phantom configura- 
tion shown in Figure 1. Left: tomograms 
imaged using an all-purpose collimator 
and 64 x 64 projections. Right: tomo- 
grams obtained using a high-resolution 
collimator and 128 X 128 projections. 
Note the higher defect contrast and thin- 
ner myocardium yielded by the use of the 
high-resolution, 128 x 128 methodology. 
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FIGURE 10. Comparison of defect con- 
trast and normal slice uniformity of the 
phantom configuration shown in Figure 1, 
acquired by using different camera orbits. 
Note the higher defect contrast of the 
short-axis slice obtained by imaging using 
a circular (CIRC) 180° orbit. The higher 
uniformity of the nermal slice was ob- 
tained by using a circular 360° orbit. Note 
the photopenic artifact generated by using 
an elliptical (ELLIP) 180° orbit. 


dow, a high-resolution collimator and a circular 180° 
orbit using 64 projections from a 45° right anterior 
oblique (RAO) to a 45° left posterior oblique (LPO) 
orientation. The use of a high-resolution collimator is 
particularly important because it provides a more con- 
stant resolution response with depth than the all-purpose 


collimator, particularly relevant for circular myocardial 
SPECT. The superior spatial and contrast features at 
depth of the high-resolution collimator are shown in Fig- 
ure 9. Although the circular 360° orbits yielded the best 
overall uniformity in normal slices, the circular 180° or- 
bits provided higher contrast of small lesions and higher 
count density (Fig. 10, Table I). For this experimental 
setup, the elliptical 180° orbits produced an apical photo- 
penic artifact. 

The results of the phantom studies suggested initially 
that the 128 X 128 matrix acquisition was preferable to 
the 64 X 64 matrix (Fig. 9). However, subsequent investi- 
gations with patient data demonstrated the need for a 
lower cutoff frequency for the preprocessing filters’ to 
maintain consistently high image quality in a wide variety 
of patient sizes. This change reduced the degree of im- 
provement of image quality between the 128 and 64 ma- 
trices. Moreover, because multiple-gated SPECT acqui- 
sition may be desirable, requiring additional computer 
disk space that may not be readily available for 128 X 128 
matrices, we concluded that 64 X 64 projections provide 
the most effective overall matrix configuration. Our final 
acquisition protocols are summarized in Tables II 
through IV. 

Reconstruction: The new reconstruction methodology 
applied to 64 X 64 projections is compared with the 
methodology previously reported for 128 X 128 images in 
Table I. Note that the new methodology improves unifor- 
mity at a loss of contrast, consistent with the need to 
guarantee high image quality in studies with limited 
counts, such as in resting studies of heavier patients. 

Filter selection: The filters evaluated and their cutoffs 
are listed in Table V. The Butterworth filter, cutoff 0.72 
cycles/cm and order 5, was found to be optimal for the 64 
X 64 LEAP study.’ The Butterworth filter demonstrated 
improvement in contrast compared to the Hamming fil- 
ter over the entire range of cutoffs evaluated. The Butter- 
worth filter applied to a 64 X 64 phantom study with 
high-resolution collimation demonstrated even better 
contrast (0.73, Table I) than the 64 X 64 LEAP study 
(0.63, Table V) even though a lower cutoff frequency was 
used. 

The cutoff of the Butterworth filter had to be lowered 
to reduce the higher frequencies associated with clinical 
data. Projection data were pre-filtered using a 2-dimen- 
sional Butterworth filter. Different filter parameters were 


TABLE Il Patient Protocol 


Dose 8-9 mCi 22-25 mCi 
236.5 ml milk 236.5 mi milk 
Position Prone Prone 
Delay time (intervals) 
Injection — imaging 1 hour 30 minutes 
Rest — stress 3—4 hours 








TABLE Ill Acquisition Protocol 













Energy window 20% symmetric Same 
Collimator High resolution Same 
Orbit 180°, cifcular Same 

No. of projections 64 Same® ° 
Matrix bd 64 X 64 Same 
Time/ projection 25 seconds 20 seconds 
Total time 30 minutes 25 minutes 
ECG gated a No Yes 
Frames /cycle P 8 

R-to-R window (%) 100 100 





ECG = electrocardiogram. 





B 
TABLE IV Reconstruction Protogol 
» 















Preprocessing 
Projections Decay-corrected Same 
Filter 2D Butterworth Same 
Definition 
General Electric 
Cutoff frequency 0.4 cycles /cm 0.52 
Power 10 5 
Siemens 
Cutoff frequency 0.5 Nyquist 0.66 
Order 5 25 
Reconstruction as 
Filter Ramp Same 
Oblique slices 
Thickness 12.88 mm 12.88 mm 
Increment 6.4 mm 6.4 mm 





2D = 2-dimensional. 


TABLE V Defect Contrast and Normal Slice Uniformity Measured for Different Filters* 


Contrast 
e 


Filter /Cutoff 
(cycles /cm) 


Butterworth /0.64 
Butterworth /0.72 
Butterworth /0.80 
Hamming /0.64 
Hamming/0.72 
Hamming /0.80 





kä 
128 x 128 Uniformity 


s 128 X 128 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE VI Defect Size Determination for the Different Polar 
Maps Used 


% of Myocardium 

Ratio of 

Apical to Lateral 
Defect 


Lateral 
Defect 


Apical 
Polar Map Type 


Actual phantom 
Standard 
Distance-weighted 
Volume-weighted 


used for the different gount densities of the rest and 
exercise studies to genefate tomograms of comparable 
image texture. For the rest study, the applied filter had a 
cutoff frequency of 0.4 cycles/cm with a powe? factor of 
10. For the exercise study, the applied filter had a cutoff 
frequency of 0.52 cycle$/cm and a power factor of 5. 
Images’ were found to be smoother with a lower cutoff 
frequency and a higher power factor. These 2 filters have 
a matched response*for the lower frequencies that define 
the myocardium. However, the filtgrs have a different 
response at the higher frequ€ncies to account for the 
differences in statistical noise between the resting and 
exercise studies. These filters are defined using dimen- 
sions found in the General Electric Starcam systems. 
Care must be taken when translating these units to those 
of different manufacturers, which might use different 
dimensions. For example, on the Siemens systems, these 
same filters are defined gifferently (Table IV). 
Quantitation and display: Two-dimensional polar 
maps: The results obtained from the evaluation of the 
phantom defect sizes by the varfous polar maps are listed 
in Table VI, along with the results from standard polar 
maps and the actual values measured from the phantom 
studies. Note that the volume-weighted polar map pro- 
vides the best representation of the actual volume of the 
defects. The expert observers ranked the distance-weight- 
ed polar map as the best for determining defect location, 
and the volume-weighted polar map as the best for deter- 
mining defect size. Both maps were ranked equally well 
for assessing apical distributions. The standard polar map 
ranked the lowest in all 3 categories. Although the dis- 
tance-weighted and volume-weighted polar maps offer 
improvement over standard maps in characterizing per- 
fusion defects, distortions still exist in the size, shape and 
location of perfusion defects. These distortions are inher- 
ent in mapping 3-dimensional data into 2 dimensions, 
although the distortions can be reduced greatly when the 
perfusion data are visualized in 3 dimensions. 
Three-dimensional visualization: Two projettions of 
the raw 3-dimensional model are shown in Figure 6, and 
the corresponding projections of the blackout 3-dimen- 
sional model far the phantom are shown in Figure 7. Both 
models are tilted at 30° to simulate the position of the 
heart within the thorax. In each figure, the projection on 
the left is shown from an anterior view of the heart (or 
viewed from 0°), and the projection on the right is shown 
from an anterolateral view (or viewed from 45°). 
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DISCUSSION 

In this project we have established what we currently 
consider the optimal protocols for acquiring and recon- 
structing myocardial SPECT studies with Tc-99m sesta- 
mibi, given existing instrumentation and dose recommen- 
dations in the proposed package insert. The optimizations 
were constrained to fit a strategy of using a low-dose 
resting study and a high-dose exercise study imaged with 
a single detector system. This approach allows the com- 
bined study to be completed in the same day. Although a 
stress study first would be more similar to current stress- 
redistribution TI-201 protocols and thus more convenient, 
for Tc-99m sestamibi this approach has major draw- 
backs. The lower exercise dose would result in less than 
ideal quality due to low count statistics, thereby reducing 
the potential for resolving stress perfusion defects, proba- 
bly the most important reason for performing the study. 
Second, the lower stress dose would probably be inade- 
quate for first-pass exercise ejection fraction studies even 
with dedicated {jrst-pass cameras. Third, early data have 
suggested that the perception of defect reversibility is 
diminished with this approach due to uneven stress distri- 
bution on which the resting study is later superimposed. 
The same parameters may be used either for a single-day 
protocol or applied to a 2-day protocol. An important 
aspect of these optimized protocols has been the decision 
to exchange half of the abundant counts from Tc-99m 
sestamibi for the use of high-resolution imaging. This 
exchange results in higher resolution and less change in 
resolution with depth compared with previous protocols 
used to image Tl-201. 

Supine images have been associated with basal inferi- 
or and inferoseptal defects similar to those associated 
with Tl-201. A prone Tc-99m sestamibi acquisition pro- 
tocol reduces the basal artifact. Artifactual anterior wall 
perfusion defects are occasionally observed in the prone 
position; these defects, however, are usually distinguish- 
able from true defects by not conforming to a typical 
coronary pattern. To fully realize the benefits of cardiac 
tomography in the prone position, the effects of attenua- 
tion due to the scan table need to be considered, particu- 
larly to reduce potential attenuation in the anterior wall. 
One approach to overcome table attenuation is use of a 
table with a cutout for the cardiac region.® Another ap- 
proach being explored is correction for the photon atten- 
uation due to the scan table. The approach consists of 
tomographic transmission imaging using a Tc-99m per- 
technetate-filled flood source imaged through a scanning 
table and in free air. Images composed of count ratios 
(table/no table) at each pixel position for each projection 
are created, resulting in a correction file of 48 frames that 
corresponds to the part of the scan subject to table atten- 
uatéon. Correcting attenuation improves phantom images 
both visually and statistically. However, it is unknown 
whether correcting for scan table attenuation is clinically 
significant. Studies currently in progress will address this 
question. In addition, the use of thinner scan tables de- 
signed to further reduce table attenuation might circum- 
vent the need for this correction. 
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Since either position can be associated with attenua- 
tion artifacts, and since some patients can tolerate one but 
not both of the positions, it will be necessary to develop 
normal limits for quantitative Tc-99m sestamibi SPECT 
in both prone and supine positions. 

In this study, the combined counts from all 8 frames 
throughout the cardiac cycle were used for the quantifi- 
cation of regional myocardial perfusion. We have ob- 
served, however, that cine display of the myocardial Tc- 
99m sestamibi distribution throughout the cardiac cycle 
is useful in identifying imaging artifacts. This type of 
display also has been valuable for assessing wall motion 
and thickening, which are factors that can help determine 
myocardial viability.” Our previous work!° and the find- 
ings of others!' have indicated that the change in counts 
throughout the cardiac cycle at a particular myocardial 
location is proportional to the change in myocardial 
thickness. Thus, it should be feasible to implement a 
simple count-based method for quantifying myocardial 
thickening. 7 = 

With respect to our filter selection, dynamic filters 
such as the image-dependent Metz!2 (or King-Metz), 
which offer the advantage of automatically adjusting fil- 
ter parameters depending on both the count variations in 
the data and the object imaged, were not evaluated. It has 
been our clinical experience that counting statistics are 
fairly constant from patient to patient in Tc-99m sesta- 
mibi studies. We feel this is in part due to our acquisition 
protocol, which varies the dose according to the patient’s 
weight. Since only minimal variations of counts occur in 
the Tc-99m sestamibi studies it was decided that the 
dynamic filters would offer little improvement in contrast 
and uniformity measurements over the values we have 
currently obtained using the Butterworth filter. Finally, 
although the performance of the dynamic filters may be 
an advantage in those studies that do vary in counts, the 
processing time required by these filters is excessive on 
current hardware configurations and is thus a major dis- 
advantage. 

A new method for extracting 3-dimensional myocar- 
dial count distribution has been developed. This tech- 
nique uses spherical coordinates to sample the apical re- 
gion and cylindrical coordinates to sample the rest of the 
myocardium. Such a hybrid approach ensures a radial 
sampling that is mostly perpendicular to the myocardial 
wall, thus providing a more accurate representation of the 
perfusion distribution. The count distributions extracted 
using this technique are statistically compared with data- 
base normal limits to quantify the presence, location and 

extent of myocardial perfusion defects.2 

New methods for visualizing the myocardial distribu- 
tion in multiple dimensions also have been developed. The 
methods represent the myocardial distribution in 2edi- 
mensional polar maps and in 3-dimensional and 4-dimen- 
sional displays. The 3-dimensional rendering of myocar- 
dial distribution has the advantage of accurately repre- 
senting the extent and location of perfusion defects over 
the distorted configuration of polar maps. Nevertheless, 
2-dimensional polar maps are the de facto standards in 





the field for representing myocardial perfusion distribu- 
tion due to their simplicity in generation and interpreta- 
tion and in the way they represent the 3-dimensional 
information on a single photograph. 

Distance-weighted and volume-weighted polar maps 
have been developed to accurately represent defect loca- 
tion and defect extent, since no one type of polar map can 
accurately represent both variables due to the warped 
nature of these 2-dimensional mappings. We believe that 
combinations of these different types of visual representa- 
tions should be available to diagnosticians for study inter- 
pretation. 

The protocols established 3 the methods developed 
for acquiring data, quantifying ånd visualizing myocardi- 
al Tc-99m sestamibi distributions should provide im- 
proved image quality compared to current T]-201 imag- 
ing as well as fo Tc-99m sestamibi studies reported to 
date that were based on these TI-201 protocols. Furgher 
improvements are possible by taking advantage of the 
monoenergetic Tc-99m spectrum and by modifying al- 
ready available methodology, according to the protocols 
proposed, for correcting fog Compton scatter and photon 
attenuation.'’ The ultimate test of the value of the proto- 
cols and methods proposed will depend on how much they 
improve the accuracy of and confidence in the clinical 
interpretation of myocardial perfusion images. 
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Detection and Location of Myocardial 
Infarction Using Technetium-99m 
Sestamibi Imaging at Rest 


Charles A. Boucher, MD 


Technetium-99m (Tc-99m) sestamibi imaging at 
rest has been used to detect and localize myecardi- 
al infarction. The largest study to date is a cooper- 
ative study of 146 paijents in 17 institutions. There 
were 24 normal subjects and 122 patients with 
documented myocardial infarction based on clinical, 
enzymatic or electrocardiographic criteria. The 
presence of segmental myocardial perfusion defects 
was compared to the presence of a Q wave on the 
electrocardiogram or wall motion gbnormality on 
gated blood pool scans, performed within 48 hours 
of the Tc-99m sestamibi study. 

Of the 122 infarct patiepts, 148 (97%) showed 
perfusion abnormalities by Tc-99m sestamibi imag- 
ing. A perfusion defect was found in 110 (99%) of 
111 patients with a Q wave and a wall motion ab- 
normality, 113 (99%) of 114 patients with a wall. 
motion abnormality and 113 (98%) of 115 patients 
with a Q wave. Of the 24 normal subjects, 22 
(92%) had normal Tc-99m sestamibi images. 

In 75% of 1,986 segments, both a Tc-99m ses- 
tamibi defect and a regional wall motion abnormali- 
ty on gated blood scans were present. In 11% of 
segments, wall motion was normal but Tc-99m ses- 
tamibi imaging was abnormal; in 14% of segments, 
wall motion was abnormal and Tc-99m sestamibi 
images were normal. In the 24 control subjects, 
99% of the segments were normal. 

Thirty-eight patients had coronary angiography. 
A close relation existed between the coronary anat- 
omy and myocardial Tc-99m sestamibi uptake. All 
9 territories supplied by an occluded vessel and 
poor collaterals had grade 0 uptake (scale 0 to 2: 

0 = markedly reduced; 2 = normal). Among totally 
occluded vessels with good collaterals, 73% had 
reduced uptake and 27% had normal uptake. 

In 26 of these patients, the Tc-99m sestamibi 
uptake was compared to regional wall motion. 
Overall, wall motion correlated with Tc-99m sesta- 
mibi uptake. Abnormal wall motion occurred in 
74% of territories with perfusion grade 0, 61% of 
those with grade 1 uptake and 30% of those 
scored as grade 2. However, 26% of territories 
with grade 0 uptake had normal wall motion. Fur- 
thermore, ofe3 territories with reduced Tc-99m 
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sestamibi uptake, 12 had improved uptake after 
coronary bypass surgery. 

These data suggest that resting Tc-99m sesta- 
mibi imaging in humans is a reliable means of de- 
tecting and localizing myocardial infarction. As a 
rule, uptake of Tc-99m sestamibi indicates myocar- 
dial viability, whereas reduced uptake occurs in 
nonviable regions. However, some regions of re- 
duced resting Tc-99m sestamibi uptake may con- 
sist of viable but abnormally perfused myocardium. 

e (Am J Cardiol 1990;66:32E-—35E) 


yocardial perfusion imaging at rest with thalli- 
Mi (TI-201) has been used to detect and 
localize myocardial infarction. -8 However, 
there are distinct physical and physiologic disadvantages 
of Tl-201 for imaging at rest. It has low-energy photon 
emissions and a relatively long half-life. Imaging must be 
performed shortly after injection because of the phenom- 
enon of redistribution, which can also occur at rest. 
The development of technetium-99m (Tc-99m) sesta- 
mibi for myocardial perfusion offers the potential of over- 
coming these limitations.?-'* Although this agent has 
been shown in experimental models to distribute in pro- 
portion to coronary blood flow, the experience in humans 
for the assessment of myocardial infarction is limited. 
This review analyzes data in humans that support its use 
as a perfusion agent for the assessment of myocardial 
infarction. | 


MULTICENTER TRIAL 

After completing phase I and II testing of Tc-99m 
sestamibi, Du Pont sponsored a multicenter phase III 
clinical trial of the efficacy of this agent in the localiza- 
tion and detection of myocardial infarction. This involved 
17 institutions in the United States and Canada. The 
diagnosis of myocardial infarction was made on clinical 
grounds, based on appropriate history and electrocardio- 
graphic or enzymatic documentation of a myocardial in- 
farctién, or both. Of 122 patients enrolled in the study, 50 
had “acute” infarctions (imaging was performed within 
14%days of the event), 61 had “previous” infarctions and 
11 had both. There were 96 men and 26 women, aged 23 
to 93 years. These patients were compared to 24 clinically 
normal subjects—9 men and 15 women, aged 25 to 55 
years.!> 

Imaging was performed after injection of the radio- 
pharmaceutical at rest. The injection was prepared by 
adding sodium-Tc-99m-pertechnetate to a commercial 


sestamibi kit (Du Pont Imaging Agent Division). The 
mixture was then gently agitated and boiled for 10 min- 
utes. This produced labeling efficiency in excess of 90% 
in all cases. The agent was used within 6 hours of prepara- 
tion. After waiting at least 1 hour after injection, we 
obtained planar static images for 6 to 10 minutes in 3 
standard projections: anterior, best septal left anterior 
oblique and left lateral. All images were sent to a core 
laboratory at Yale New Haven Hospital for blinded anal- 
ysis. Images were analyzed after dividing each of 3 pro- 
jections into 5 segments for a total of 15 left ventricular 
segments/ patient. 

Although patients were entered on the basis of a clini- 
cal diagnosis of myocardial infarction, it was felt neces- 
sary to base further analysis on more objective markers of 
infarction. The 2 parameters chosen were the presence 
and location of Q waves on the electrocardiogram and the 
presence and location of wall motion abnormalities on 
rest gated cardiac blood pool scan, performed within 48 
hours of the rest perfusion study with Tc.99m sestamibi. 
The criteria are not perfect but represented widely avail- 
able objective methods of assessing the presence of myo- 
cardial infarction. The interpretation of the electrocar- 
diogram and of the gated blood pool scans was performed 
at the multiple centers and compared to the core labora- 
tory blinded readings of the Tc-99m sestamibi images. 
The gated scans were obtained in the same 3 projections 
used for Tc-99m sestamibi imaging. Wall motion was 
analyzed in 5 segments/view to correspond to the Tc-99m 
sestamibi images. 

Of the 122 patients, 115 had Q waves on the electro- 
cardiogram, and 113 (98%) of these individuals had an 
abnormal Tc-99m sestamibi study. Two patients without 
Q waves had normal Tc-99m sestamibi imaging. There- 
fore, there was concordance with the presence of electro- 
cardiographic Q waves in 115 (94%) of 122 patients. 
With respect to wall motion patterns on gated blood pool 
scans, of the 98 patients with >1 region of akinesis or 
dyskinesis, 97 (99%) had a perfusion defect on the Tc- 
99m sestamibi images. A perfusion defect was also found 
in all 16 patients with hypokinesis only. Three patients 
with normal wall motion had normal Tc-99m sestamibi 
images. Therefore, there was concordance with wall mo- 
tion in 116 (95%) of 122 patients. In contrast, Tc-99m 
sestamibi images were normal in 22 (92%) of 24 control 
subjects with normal electrocardiograms and gated blood 
pool scans. 

The gated blood pool scan also permitted a segment- 
by-segment comparison in the 122 patients with myocar- 
dial infarction. A perfusion defect was noted in 210 (19%) 
of 1,122 segments with normal wall motion, 248 (58%) of 
428 segments with hypokinesis and in 330 (76%) of 436 
segments with akinesis or dyskinesis. Overall, there was a 
75% concordance on a segmental basis, with 11% of seg- 
ments having a perfusion defect with normal wall motion 
and 14% of segments having normal perfusion with ab- 
normal wall motion. In the 24 normal subjects, 99% of the 
segments were interpreted as normal. 

These data from 17 institutions demonstrate that rest 
Tc-99m sestamibi imaging can detect and localize infarc- 
tion with a high degree of sensitivity and specificity. 
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FIGURE 1. Qualitative rest left ventricular technetium-99m 
sestamibi uptake score (0 to 2) subgrouped on the basis of 
percent coronary stenosis.'* The p values compare the distri- 
bution of vascular territories in different technetium-99m 
tamibi uptake groups to the adjacent group. NS = not sinit. 
cant. ag 


CORRELATION WITH THE PRESENCE OF 
CORONARY OCCLUSION 

To assess whether Tc-99m sestamibi imaging could be 
quantified and whether it could correlate with the pres- 
ence of a coronary occlusion, Qilsizian and co-workers!? 
compared the scans in 38 infarction patients with known 
coronary anatomy. The left vengricle was divided into 3 
vascular territories corresponding to the left anterior de- 
scending, posterior descending and circumflex territories. 
The left ventricular upt&ke of Tc-99m sestamibi was 
quantified in 10 or 11 sectors/view and expressed in rela- 
tion to the pixel with maximal counts in the left ventricu- 
lar circumferential profile. 

There were 31 total coronary artery occlusions in the 
38 patients. Nine of these arteries had poor collaterals, all 
of which had markedly diminished uptake of Tc-99m 
sestamibi (42 + 21%, mean + standard deviation) by 
quantitative analysis. None had normal uptake (Figs 1). 
The remaining 22 occlusions had good collateral flow, 
and Tc-99m sestamibi uptake in these territories was 
categorized as normal in only 27%. The mean Tc-99m 
sestamibi uptake in the territories of occluded arteries 
with good collaterals was 61 + 23%, compared with 87 + 
10% in territories with normal vessels or stenoses <50% 
(p <Q.001) (Fig. 2). The results in the normal vessels 
suggest that 67% be used as a lower limit of normal 
uptake (mean — 2 standard deviations). Based on this 
value, quantitative analysis correctly assigned 8 of the 9 
territories with poor collateral flow and occlusion and 31 
of 34 regions with <50% stenosis. 

These data demonstrated that with bagh qualitative 
and quantitative analysis of resting Tc-99m sestamibi 
images, regions with total occlusion of the coronary arter- 
ies with poor collateral flow and most regions with total 
occlusion and good collateral flow were detected. These 
results support the use of this agent for the detection and 
localization of coronary occlusion, which is the underly- 
ing anatomic basis for myocardial infarction. 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 
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FIGURE 2. Mean distribution of the lowest quantitative rest 

technetium-99m sestamibi uptake in each vagcular territory 

(expressed as a percent of peak activity) subgrouped on the 

basis of percent coronary stenosis. NS = not significant. (Re- 
ae re 
gy.’ 
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FIGURE 3. Qualitative technetium-99m (Tc-99m) sestamibi 
uptake in relation to regional wall motion by gated bloed pool 
scan.14 







TABLE I Quantitative Technetium-99m Sestamibi Uptake in 
Relation to Regional Wall Motion 






Akinetic/ 
Dyskinetic 
(%) 


Normal / 
Hypokinetic 
(%) 








Regional uptake (% peak activity)* 
Grade 1 (250%) 
Grade 2 (<50%) 


* p <0.01, grade 1 versus 2. 
Reprinted by permission of the American College of Cardiology.'* 













CORRELATION WITH MARKERS OF 
POTENTIAL VIABILITY 

Although ghe aforementioned study suggests that this 
perfusion agent will permit detection of coronary occlu- 
sions at rest, its relation to markers of potential viability 
in patients with coronary artery disease (CAD) is less 
clear. Recently, Roeco and co-workers'* compared Tc- 
99m sestamibi uptake on a regional basis to left ventricu- 
lar wall motion in 25 patients. Within the limitation of 
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Post-CABG 


Pre-CABG 





FIGURE 4. Qualitative technetium-99m sestamibi perfusion 
grading in 24 vascular territories before and after coronary 
artery bypass grafting (CABG) for the 8 patients who under- 
went surgical revascularization. (Reproduced by permission of 
the American College of Cardiology.**) 


comparing perfusion to function on separate imaging 
studies, the investigators demonstrated that 14 (52%) of 
27 territories with markedly reduced Tc-99m sestamibi 
uptake by qualitative analysis had some retained wall 
motion, and that in half (26%) of these territories, wall 
motion was normal (Fig. 3). This suggested that some 
regions with reduced perfusion at rest can have viability 
as evidenced by retained contraction. Of the 14 territories 
with reduced uptake and normal motion or hypokinesis, 
only 1 (7%) was associated with an occluded artery with 
poor collateral flow. In contrast, 8 (62%) of 13 zones 
associated with akinesis or dyskinesis on the correspond- 
ing gated cardiac blood pool scan had occluded arteries 
with poor collateral flow. 

In these 27 territories, quantitative analysis improved 
the discrimination between retained versus absent wall 
motion. Mean Tc-99m sestamibi uptake in the 14 territo- 
ries with retained motion was 62 + 15%. Expressed an- 
other way, wall motion was retained in 77% of regions 
showing 250% of maximal uptake of Tc-99m sestamibi. 
Absent motion in 13 territories was associated with a 
mean Tc-99m sestamibi uptake of 39 + 16% (p = 0.02), 
with 91% of these regions having <50% uptake (Table I). 
Therefore, reduced uptake of a less intense nature iS 
usually associated with viability, but when the uptake 
deereases below 50% in a zone, viability is less common. 
The amount of Tc-99m sestamibi uptake thus appears to 
be a correlate of potential myocardial viability. 

The value of this 50% cutoff for viability was support- 
ed by a limited study in 8 patients scanned before and 
after coronary artery bypass grafting (CABG). Improve- 
ment in Tc-99m sestamibi uptake after CABG was pre- 
sumed to be a marker of myocardial viability. One would 


ie 
as bik a 


not expect any tracer retention in myocardial scar despite 
successful revascularization. Tc-99m sestamibi uptake 
improved after revascularization in 11 (61%) of 18 seg- 
ments with markedly reduced uptake preoperatively. Of 
the segments with abnormal uptake (50 to <67%) preop- 
eratively, 80% improved after revascularization. In con- 
trast, only 39% of regions with initial uptake of Tc-99m 
sestamibi below 50% of maximum showed significant 
improvement after revascularization (Fig. 4). Once 
again, moderate reduction of Tc-99m sestamibi uptake 
implies a greater likelihood of potential viability than 
when the perfusion abnormality is severe. 

This study showed that resting myocardial perfusion 
can be reduced to a moderate degree while contractile 
function is maintained, indicating a dissociation between 
perfusion and function. With more severe degrees of un- 
derperfusion, retained contraction (and hence myocardi- 
al viability) is less likely. Unfortunately, retained wall 
motion and improvement in uptake after coronary bypass 
surgery are not perfect markers of viabjlity. The data 
suggest that in its role as a perfusion agent, Tc-99m 
sestamibi may also be used to evaluate viability by the 
severity of the underperfusion. 


CONCLUSION 

Tc-99m sestamibi imaging at rest is a useful method 
for assessing regional perfusion and is of value in the 
detection of myocardial infarction. The perfusion abnor- 
mality can be readily localized and easily imaged, taking 
advantage of the improved physical properties of Tc-99m 
in comparison with T1-201. In the setting of acute myo- 
cardial infarction, this approach is likely to be an excel- 
lent method of quantifying noninvasively the severity and 
location of the infarction, and of demonstrating whether 
thrombolytic therapy has improved perfusion.'*!’ Tc- 
99m sestamibi is less likely to play a major role in initial 
detection of acute infarction. However, if in such cases 
the early Tc-99m sestamibi study is normal, early dis- 
charge from the emergency room or coronary care unit 
may be justified. 
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Thrombolytic Therapy for Myocardial Infarction: 
Assessment of Efficacy by Myocardial Perfusion 
imaging with Technetium-99m Sestamibi 


Frans J. Th. Wackers, MD, PhD 


Technetium-99m (Tc-99m) sestamibi has been 
used to evaluate the cy of thrombolytic thera- 
py. Improved image ity due to the higher pho- 
ton energy of Tc-99m and the increased allowable 
doses of this radiopharmaceutical along with its 
lack of redistribution makes Tc-99nf sestamibi an 
acgeptable imaging agent for such studies. This im- 
aging agent was used for serial quantitative planar 
and tomographic imaging to assess the initial risk 
area of infarction, its change over time and the re- 
lation to infarct-related artery patency in patients 
with a first acute myocardial infarction. Twenty- 
three of 30 patients were treated with recombinant 
tissue-type plasminogen activator (rt-PA) within 4 
hours after onset of acute chest pain. Seven pa- 
tients were treated in the conventional manner and 
did not receive thrombglytic therapy. The initial 
area at risk varied greatly both in patients treated 
with rt-PA and in those who received conventional 
therapy. Patients with successful thrombolysis and 
patent infarct arteries had a significantly greater 
reduction of Tc-99m sestaniibi defect size than pa- 
tients who had persistent coronary occlusion. Serial 
imaging with Tc-99m sestamibi could find impor- 
tant application in future clinical research evaluat- 
ing the efficacy of new thrombolytic agents. Direct 
measurements of the amount of hypoperfused myo- 
cardium before and after thrombolysis could pro- 
vide rapid and unequivocal results using fewer pa- 
tients and avoiding the use of “‘mortality”’ as an 
end point. This approach has not yet been widely 
tested in the clinical arena. 

(Am J Cardiol 1990;66:36E-—41E) 
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cinglyinnumerousclinical trials toreducemortality 

after acute myocardial infarction.'~'* A recent re- 
port indicates that this initial favorable effect is sustained 
over a 5-year period.'? The ultimate aim of thrombolytic 
therapy in acute myocardial infarction is to restore blood 
flow to the risk area and thus limit the area of necrosis 
and salvage viable myocardium. In the prethrombolytic 
era a definite relation was demonstrated between global 
left ventricularejection fraction (LVEF) at hospital dis- 
charge and subsequent 1-year survival.'* Accordingly it 
was expected that the observed improvement in survival 
after thrombolytic therapy would be reflected in signifi- 
cant preservation of global left ventricular function. 
However, in most trials LVEF was only marginally better 
in patients who received thrombolytic therapy, compared 
to those who received placebo treatment.®:’:!>-!9 There- 
fore the marked improvement in survival could not be 
fully explained by preservation of cardiac pump function. 
Nevertheless, in clinical practice significant improvement 
of LVEF has been observed after thrombolytic therapy in 
individual patients. 

Previously we demonstrated considerable spontane- 
ous variability in LVEF in patients with acute myocardial 
infarction.2° We propose that this observation may pro- 
vide a potential explanation for the overall somewhat 
disappointing effect of thrombolytic treatment on mean 
LVEF in large groups of patients. Significant improve- 
ment of LVEF in individual patients with successful 
thrombolysis may be masked and blunted when LVEF is 
expressed as a mean value. In addition, there may be the 
paradox of low LVEF in patients who survived because of 
thrombolytic therapy, but otherwise would have died. 

Furthermore, improvement of LVEF may be delayed 
by the effect of “myocardial stunning” after severe isch- 
emic injury.*! On the other hand, the effect of improve- 
ment of regional function within the infarct areas on 
global LVEF may be masked by a decrease of hyperkine- 
sis in noninfarct zones.*? Remodeling of the infarct area 
could also affect measurement of LVEF.’ Finally, 
LVEF is significantly dependent on ventricular loading 
conditions. These may change at various times after acute 
infarction. 

For these reasons LVEF would appear not to be a 
most appropriate parameter for assessing the effect of 
thrombolytic therapy. 


"sity therapy has been shown convin- 


MYOCARDIAL PERFUSION 
If left ventricular function improves after successful 
thrombolysis, this is secondary to improvement of myo- 


cardial blood flow through the infarct artery. Improve- 
ment of myocardial perfusion after thrombolysis has been 
demonstrated by several investigators using serial thalli- 
um-201 (TI-201) imaging.*4-*° Unfortunately, serial im- 
aging with Tl-201 is not practical in the setting of throm- 
bolytic therapy. To visualize the extent of hypoperfused 
myocardium before thrombolytic treatment, initiation of 
therapy would have to be delayed for at least 30 minutes. 
Obviously, since time is of the essence for salvaging myo- 
cardium, such an imaging protocol is clinically unaccept- 
able. Technetium-99m (Tc-99m) sestamibi has definite 
advantages over Tl-201 in the setting of thrombolytic 
therapy for acute infarction.2’-2? This Tc-99m-labeled 
imaging agent accumulates in the heart proportional to 
the distribution of regional myocardial blood flow, simi- 
lar to T1-201.°°3! However, unlike Tl-201 no significant 
redistribution occurs.**-> Therefore, Tc-99m sestamibi 
images “freeze” the pattern of myocardial perfusion at 
the moment of injection for a prolonged period of time. 
Another important advantage is a 10 times larger dose of 
radiopharmaceutical that can be administered. This re- 
sults in considerably better image quality than with TIl- 
201.36 

We used these characteristics of Tc-99m sestamibi to 
evaluate the efficacy of thrombolytic therapy in patients 
with acute myocardial infarction.37~39 


IMAGING PROTOCOL 

In a multicenter trial involving Yale University 
School of Medicine (New Haven, Connecticut), Mayo 
Clinic (Rochester, Minnesota) and Baylor College of 
Medicine (Houston, Texas), patients were imaged using 
the protocol outlined in Figure 1. Patients with a first 
acute myocardial infarct received 20 to 25 mCi of Tc- 
99m sestamibi intravenously before, or at the initiation 
of, thrombolytic therapy. Myocardial perfusion images 
were acquired as soon as the patient was clinically stable. 
In this pilot study 30 patients had planar imaging, of 
whom 16 also had tomographic imaging. Twenty-three 
patients received thrombolytic therapy and 7 patients 
received conventional treatment for their infarction. The 
first myocardial perfusion images were assumed to dem- 
onstrate the area at risk. Subsequently, the patients had a 
second study 18 to 48 hours later, and a third study at the 
time of hospital discharge. The extent of perfusion defects 
on the second or third study, or both, was assumed to 
demonstrate the ultimate size of infarction. A decrease in 
size of the perfusion defect on the second or third study in 
comparison to that on the first study was assumed to 
represent the extent of myocardial salvage. 

In a subgroup of patients the pattern of myécardial 
perfusion on serial Tc-99m sestamibi imaging was corre- 
lated with delayed accumulation of TI-201 after subrhax- 
imal exercise performed at hospital discharge. The distri- 
bution of Tl-201 on delayed (2 to 3 hours) images was 
assumed to provide an approximation of the extent of 
viable myocardium. 

The size of myocardial perfusion defects was quanti- 
fied for both planar and tomographic studies using previ- 
ously validated methodology.38-40 


Tc-99m Sestamibi Imaging in Acute Infarction 


Tc—99m sestamibi 


acute Tc—99m sestamibi 
infarct rt-PA/SK 25 mCi 


| | imaging and imaging 
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FIGURE 1. Imaging protocol for serial imaging before and af- 
ter perks ag adatt treatment with intravenous recombinant tis- 
sue plasminogen activator (rt-PA) or streptokinase (SK). Tc- 
99m = technetium-99m. 
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FIGURE 2. Initial risk zone size in 23 patients treated with re- 
combinant tissue plasminogen activator (rt-PA) and 7 patients 
treated conventionally (Conv. Rx). (Reproduced with permis- 
sion of the American College of Cardiology.38) 


SERIAL IMAGING IN THROMBOLYSIS 

Patients with acute myocardial infarction, regardless 
of whether treated with a thrombolytic agent, sHbwed 
marked variation in size of the area at risk (Fig. 2). This 
could not be predicted from either the clinical presenta- 
tion in the emergency room, the location of infarction or 
the site of occlusion of the infarct artery on coronary 
angiography (i.e., proximal or distal in the vessel). 

Twenty of 30 patients had a smaller total myocardial 
perfaision defect size on the second study (Fig. 3). The 
relative change in the amount of hypoperfused myocardi- 
um over, time was variable in both patients who received 
thrombolytic therapy, and patients who received conven- 
tional therapy (Fig. 4). Patients with an open infarct 
artery had a significantly larger decrease in defect size 
than patients with an occluded infarct art@ry. All patients 
who had a decrease in defect size >30% on planar imag- 
ing had open infarct arteries. Similar observations were 
made by tomographic imaging.*? 

It is of interest that in approximately 50% of the 
patients the decrease in defect size continued or occurred 
relatively late after thrombolytic therapy (Fig. 5). The 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


THROMBOLYSIS 
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BEFORE AFTER 


FIGURE 3. Serial planar technetium-99m sestamibi imaging 
before and after thrombolysig. The images are of a patient 
with an acute anteroseptal myocardial infarction. This patient 
had successful thrombolysis, of the left anterior descending ar- 
tery. An anteroseptal myocardial perfusion defect is present 
(arrows). Quantitative analysis revealed a 33% change in de- 
fect size. Improved uptake of technetium-99m sestamibi can 
be appreciated in the septum, and 4nterior wall. ANT = anter- 
ior view; LAO = left anterior oblique view; LL = left lateral 
view. 





pathophysiologic mechanisms for this observation are at 
present not clear. These could include no-reflow to the 
infarct region, delayed recovery of coronary flow reserve, 
delayed recovery of metabolic function, geometric 
changes of the left ventricle, or a combination of these 
factors. 

There was no significant correlation between the 
change in myocardial perfusion (i.e., a true visualization 
of the effect of reperfusion) and 1 single measurement of 
LVEF at hospital discharge (Fig. 6). This is of note since 
LVEF has been used in numerous clinical trials to evalu- 
ate the efficacy of thrombolytic treatment. In contrast, as 
could be expected, there was a good correlation between 
LVEF and the size of planar/tomographic Tc-99m sesta- 
mibi defects on the study performed closest to the ejection 
fraction evaluation (Fig. 7). 


e 

IMPROVED PERFUSION ON SERIAL IMAGING 
AND DELAYED THALLIUM-201 UPTAKE 

Although improved uptake of Tc-99m sestamibi cor- 
related with reperfusion of the infarct-related artery, this 
does not necessarily imply preservation of viable myocar- 
dium.*!-45 Reperfusion could have occurred too late to 
salvage myocardium. Despite the well-recognized limita- 


38E THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 





% Change Defect Size 


+ 
2 
t 
j 


P=0.0001 


@rt-PA 
O Conv. Rx 


~O- 


O 


Open Artery Occluded Artery 


FIGURE 4. Change in size of myocardial perfusion defect and 
status of the infarct artery. Abbreviations as in Figure 2 (re- 
produced with permission of the American College of Cardiol- 
ogy).*8 
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FIGURE 5. Serial changes in size of planar technetium-99m 
sestamibi perfusion defects after thrombolytic therapy. Defect 
size was assessed before thrombolysis (acute study, n = 23), 
18 to 48 hours after thrombolysis (second study) and at hos- 
pital discharge (n = 17). Compared to the acute study, 16 of 
23 patients had smaller defects on the second study. Subse- 
quently 10 of 17 patients had a further decrease in defect size 
on the hospital discharge study. The symbols indicate individ- 
ual patients. 
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FIGURE 6. Lack of correlation between change in technetium- 


99m sestamibi perfusion defect size and left ventricular ejec- 
tion fraction (LVEF) at hospital discharge. 
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FIGURE 7. Correlation between global left ventricular ejection 
fraction (LVEF) at hospital discharge and total technetium- 
99m sestamibi defect size on the early (acute) study (before 
thrombolysis) and on the 18 to 48 hour study (after thrombo- 
lysis). (Reproduced with permission of the American College 
of Cardiology.**) 


tions of delayed T1-201 imaging to identify viable myo- 
cardium after exercise in all instances, normal Tl-201 
uptake at delayed imaging indicates with reasonable cer- 
tainty myocardial viability.4°-4* In the subgroup of pa- 
tients who had quantitative Tl-201 exercise imaging at 
hospital discharge, an overall good agreement existed 
between the uptake of both radiopharmaceuticals. Im- 
portantly, there was no systematically greater uptake of 
Tc-99m sestamibi compared to Tl-201. Thus, improved 
uptake of Tc-99m sestamibi on serial imaging after 
thrombolytic therapy appears not only to indicate reper- 
fusion of the infarct-related artery, but also salvage of 
viable myocardium. 


CLINICAL IMPLICATIONS 

These initial observations indicate that quantitative 
serial imaging with Tc-99m sestamibi provides a means 
to categorize patients with acute myocardial infarction 
who undergo thrombolytic therapy. These patients now 
can be defined according to the initial risk area, the extent 
of myocardial reperfusion and extent of myocardial sal- 
vage. Our preliminary results have been confirmed by 
other investigators in experimental and clinical studies.*?~ 
>! Furthermore it has been demonstrated that reduction 
in defect size was predictive of late improvement of echo- 
cardiographic regional wall motion.°! 








Tc-99m Sestamibi in Thrombolysis | 
(Serial Imaging) 
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FIGURE 8. Proposed clinical management of patients using 
serial imaging with Tc-99m sestamibi, before and after 
thrombolytic therapy. Cath = catheterization; PTCA = percu- 
taneous transluminal coronary angioplasty; other abbrevia- 
tions as in Figure 1. + 


Based on these preliminary results, it appears that 
serial imaging with Tc-99m sestamibi may find impor- 
tant application in future clinical research and trials, 
evaluating the efficacy of new thrombolytic agents. Rath- 
er than using mortality (which requires a larger number 
of patients) or LVEF (which may be blunted forethe 
aforementioned reasons) as study end points, direct mea- 
surement of the amount of hypoperfused myocardium 
before and after thrombolysis could provide rapid and 
unequivocal results in trials with fewer patients. 

Applicability to clinical practice: We propose that se- 
rial imaging with Tc-99m sestamibi would permit better 
selection of patients who may benefit from more aggres- 
sive treatment after thrombolytic therapy. The results of 
the Thrombolysis in Myocardial Infarction Phase II Trial 
have shoWn that indiscriminate application of an “Inva- 
sive Strategy” (i.e., coronary angiography and percutane- 
ous transluminal coronary angioplasty) has no advantage 
compared with the “Conservative Stgategy”’ (i.e., 
“watchful waiting” and percutaneous transluminal coro- 
nary angioplasty performed only in patients with clinical 
evidence of recurrence of myocardial ischemia).* 

Figure 8 illustrates how serial Tc-99m sestamibi im- 
aging could be used to identify high- and low-risk patients 
and to choose subsequent clinical management. One can 
imagine 2 extreme situations after serial Tc-99m imag- 
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FIGURE 9. Proposed clinical management of patients on the 
basis of results of a single Ņe-99m sestamibi image after 
thrombolytic therapy. Abbreviations as in Figures 1 and 8. 


ing: (1) A patient may have a farge myocardial area at 
risk and no, or only small, area of apparent salvage. Such 
a patient one could consider to be a failure of thrombolyt- 
ic therapy and at high risk. In this situation we would 
propose that the aggressive invasive strategy is justified. 
(2) A patient may have either a large area of myocardial 
salvage as the result of successful thrombolysis, or the 
patient may have only a small myocardial area at risk 
(with or without substantial salvage). The latter patient 
one could consider to be at low risk. A more conservative 
approach and watchful waiting would be defensible. 
Single injection protocol: In the present protocol Tc- 
99m sestamibi was injected before and after thrombolytic 
therapy. In daily clinical practice it may be difficult to 
have the radiopharmaceutical prepared on a few minutes 
notice for immediate use in emergency room. This would 
obviously limit the practical usefulness of Tc-99m sesta- 
mibi to evaluate the efficacy of thrombolytic therapy. 
However, it is conceivable that meaningful clinfcal deci- 
sions can be made by 1 single injection after thrombolytic 
treatment. In Figure 9 we propose a potential algorithm 
for management of patients after thrombolysis on the 
basis of a single set of myocardial perfusion images. A 
similar reasoning, as outlined for serial imaging, could 
direct management of patients. Patients with large de- 
fects could be considered failures of thrombolytic treat- 
ment. Either no reperfusion occurred or the extent of 
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myocardial salvage is minimal. These patients could be 
considered candidates for the aggressive invasive strate- 
gy. On the other hand, patients with small defects either 
had successful thrombolysis or had only a small initial 
risk area. In either case, such patients could be considered 
to be at low risk. The conservative approach of watchful 
waiting for clinical evidence of ischemia would appear to 
be justified in the latter patients. | 

It should be emphasized that these approaches have 
yet to be tested in the clinical arena. However, it is con- 
ceivable that serial quantitative imaging with Tc-99m 
sestamibi could place the important results of the Throm- 
bolysis in Myocardial Infarction Phase II Trial’? in prac- 
tical clinical perspective. 


Acknowledgment: I would like to acknowledge Ray- 
mond Gibbons, MD, and Mario Verani, MD, for partici- 
pation in the multicenter study and editorial review. 
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Detection and Assessment of Unstable Angina 
Using Myocardial Perfusion Imaging: 
Comparison Between Technetium-99m Sestamibi 
SPECT and 12-Lead Electrocardiogram 


Jean Grégoire, MD, and Pierre Théroux, MD 


Forty-five studies using technetium-99m (Tc-99m) 
sestamibi single photon emission computed tomog- 
raphy (SPECT) were performed on patients hospi- 
talized for spontaneous chest pain suggestive of 
myocardial ischemia. The studies were done after 
an jnjection during an ‘episode of chest pain and a 
repeated injection when the patients were free of 
pain. All patients were hospitalized with a pre- 
sumed diagnosis of unstable angina, and none had 
evidence of a previous myogardial infarction. The 
presence of a perfusion defect observed with Tc- 
99m sestamibi injected during chest pain had a 
96% sensitivity and a 79% specificity for the de- 
tection of significant coronary artery disease (ste- 
nosis >50%) on subsequent angiography. When 
the criterion of a larger perfusion defect during 
pain compared to absence of pain was used, the 
sensitivity was 81% amd the specificity was 34%. 
In contrast, transient electrocardiographic ischemic 
changes during pain had a sensitivity of 35% and a 
specificity of 68%; electrocardiographic changes 
during or outside episodes of chest pain had a sen- 
sitivity of 65% and a specificity of 63% for the di- 
agnosis. 

Tc-99m sestamibi SPECT represents a reliable 
noninvasive diagnostic tool that could aid in the di- 
agnosis of myocardial ischemia in patients with 
spontaneous chest pain and provide additional in- 
formation to that provided by the electrocardio- 
gram. 

(Am J Cardiol 1990;66:42E-—46E) 
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noninvasive test that could accurately iden- 
JÀ  mvocardialischemiainpatientswithspontane 

ous chest pain would be extremely useful to aid 
diagnosis, orient investigative procedures and guide treat- 
ment in patients with suspected unstable angina. 

Both imaging agents currently available—thallium- 
201 (Tl-201) and technetium-99m (Tc-99m) sesta- 
mibi—have a rapid myocardial uptake proportional to 
blood flow eveħ in conditions of low coronary blood 
flow.'2 Tc-99m sestamibi possesses the advantage of 
minimal redistribution. The ratio of uptake between isch- 
emic and normal myocardial areas is determined within 
minutes after injection and remains constant for hours. 
Tc-99m sestamibi can thus be injected at a selected time 
and scintigraphic acquisition performed 6 to 8 hours lat- 
er, preventing any delay in the initiation of treatment. 

In contrast, Tl-201 redistribution begins a few min- 
utes after injection. This phenomenon is characterized by 
the passage of TI-201 back and forth between the intra- 
cellular and the extracellular space until an equilibrium is 
reached. The time required to reach equilibrium depends 
on the coronary blood flow and is longer with more severe 
reduction in blood flow. Therapy used to improve region- 
al blood flow during an acute ischemic event can acceler- 
ate this redistribution. Scintigraphy should therefore be 
performed before treatment is instituted. This represents 
a major problem for patients who have acute coronary 
artery syndromes in whom spontaneous chest pain can 
occur at any time, when emergency treatment may be 
required immediately. : 

A disadvantage of Tc-99m sestamibi is that redistri- 
bution images, which are obtained 3 to 4 hours or 24 
hours after the injection when using TI-201, are not possi- 
ble. Assessment of myocardial perfusion during the basal 
state thus requires a second injection of Tc-99m sesta- 
mibi. Tc-99m sestamibi also demonstrates high liver ex- 
traction, which may interfere with visualization of the 
inferior wall of the heart. This problem can be circum- 
vented by ingestion of a light meal after the injection of 
Tc-991h sestamibi and by delaying image acquisition for 
at least. 1 hour after the injection. pea 

The physical properties of Tc-99m sestamibi are supe- 
rior to those of Tl-201. Its gamma ray emission is optimal 
for current cameras, and permits better dosimetry, higher 
doses and consequently better photon flux. First-pass 
studies? and gated acquisitions* can be obtained. Tc-99m 
sestamibi importantly is also readily available as a kit 
preparation. In addition, since Tc-99m sestamibi demon- 
strates minimal redistribution, single photon emission 


computed tomography (SPECT) imaging can be used to 
delineate zones of hypoperfusion in patients with acute 
coronary syndromes without the requirement for rapid 
imaging associated with thallium-201. 

For these various reasons, Tc-99m sestamibi may ac- 
tually represent the best imaging agent for the investiga- 
tion of acute coronary syndromes. Previous studies at our 
institution and other centers have suggested that it could 
be useful to define the area at risk and the area of necrosis 
in acute myocardial infarction.>-* We recently published 
a preliminary report on its potential usefulness in unsta- 
ble angina.’ The goal of the present study was to evaluate 
the diagnostic value of Tc-99m sestamibi in patients with 
spontaneous chest pain hospitalized with a presumed di- 
agnosis of unstable angina. Its sensitivity and specificity 
was compared to that of 12-lead electrocardiography. 


METHODS 

All patients with spontaneous chest pain suggestive of 
myocardial ischemia were considered fer the study. Ex- 
clusion criteria consisted of acute myocardial infarction 
determined by a doubling of the creatine kinase enzymes 
with presence of the MB fraction or the appearance of a 
new Q wave, a previous well-documented myocardial in- 
farction or a contraindication to coronary angiography. 
Forty-five studies performed on 43 patients (24 men, 19 
women, mean age: 58 years) were included in the analy- 
sis. Tc-99m sestamibi (1 GBq [27 mCi]) was injected 
during an episode of spontaneous chest pain while a 12- 
lead electrocardiogram was obtained. 

Radioisotopic diagnosis: SPECT acquisition was per- 
formed | to 6 hours after the Tc-99m sestamibi injection. 
A rotating large-field-of-view SPECT camera equipped 
with a low-energy, high-resolution, parallel-hole collima- 
tor was used for image acquisition. Sixty-four projections 
of 20 to 30 seconds each were obtained over a 360° 
variable elliptical orbit on a 64 X 64 X 16 byte matrix 
with a zoom of 1.44. A 20% symmetric energy window 
centered on the 140 keV peak was used. Processing was 
done using filtered back-projection with a Butterworth 
filter (cutoff: 0.7, order: 8) without attenuation correc- 
tion. Orthogonal tomographic slices, each 1 pixel thick 
(6.4 mm), were reconstructed parallel to the vertical and 
horizontal long axes and the short axis of the left ventri- 
cle. Using the short-axis slices, a 2-dimensional polar map 
display was constructed.!° 

Twenty-five regions of interest of equal size were 
automatically drawn on each polar map display and the 
relative uptake in each of these sectors was determined 
and normalized to the sector with the maximal value. 
Values were compared to those of a file of rest Tc-99m 
sestamibi SPECT studies obtained from 15 normal vol- 
unteers with a probability of coronary artery di#ease 
<1%. A sector was considered abnormal when normal- 
ized counts were >2 standard deviations below the nor- 
mal mean. Defect size was calculated as the ratio of the 
number of abnormal sectors to the total number of sec- 
tors. Defect intensity was defined as the ratio of the 
average normalized counts in the abnormal sectors to the 
corresponding normal means, subtracted from 1. A glob- 





al defect score was calculated as the product of defect size 
and defect intensity. A study was considered abnormal 
when the global score was higher than 1. Patients with an 
abnormal study had a repeated Tc-99m sestamibi injec- 
tion and acquisition 24 to 48 hours later when free of 
chest pain. _ 

Electrocardiographic diagnosis: The basal 12-lead 
electrocardiogram was considered abnormal in the pres- 
ence of ST-segment depression or elevation 1 mm or more 
in amplitude, T-wave inversion in at least 2 contiguous 
leads, or a combination of these. An electrocardiogram 
was repeated at the time of Tc-99m sestamibi injection 
during the chest pain episode Ischemic electrocardio- 
graphic changes during the chest pain were defined as the 
appearance or the accentuation of the ischemic signs on 
the basal‘electrocardiogram or a pseudonormalization of 
previously negative T waves. All electrocardiograms were 
interpreted by 2 observers, blirided to the results of the 
scintigraphic studjes. x 

Angiographic diagnosis: Coronary angiography was 
performed within 10 days of the scintigraphic studies 
according to previously described methods,!! and find- 
ings were interpreted by a consensus of 2 observers.'* Any 
query was solved using Coronary Artery Surgery Study 
quantitative analysis.'?'4 Lumen diameter reduction 
= 50% was considered significant. 


RESULTS * 

The results are summarized in Figure 1. The presence 
of a perfusion defect observed with Tc-99m sestamibi 
injected during chest pain was seen in 25 of 26 patients 
with significant coronary artery disease (sensitivity: 
96%), and the Tc-99m sestamibi study was normal in 15 
of 19 patients with no significant coronary artery disease 
(specificity: 79%). In this population, the positive and 
negative predictive values were 86 and 94%, respectively. 
Of the 4 false-positive cases, 2 were in patients with ST- 
segment elevation during chest pain, and a presumed 
diagnosis of vasospastic angina was made. One female 
patient had a small anterior defect thought to be caused 
by a breast artifact, and 1 patient demonstrated a small 
posterobasal defect. 

In patients demonstrating an abnormal initial study, 
the repeated study while free of pain was normal in 8, 
showed partial improvement in 13 and was unchanged in 
4. A larger perfusion defect, defined as a difference in 
global score >1, on the study obtained after injection 
durjng chest pain compared to the study done while free 
of pain, was present in 21 patients with significant coro- 
nary artery disease (sensitivity: 81%), and absent in 16 
patients with no significant coronary lesion (specificity: 
84%). An example of a study obtained during and after 
an episode of chest pain in a patient with a 70% left 
anterior descending artery stenosis is shgwn in Figure 2. 
An example of a false-positive result is shown in Figure 3. 
This patient had transient ST-segment elevation during 
chest pain and a clinical diagnosis of coronary artery 
spasm. 

Transient ischemic changes observed on the electro- 
cardiogram obtained simultaneously with the radioiso- 
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FIGURE 1. Comparison of 12-lead electrocardiography and 
technetium-99m (Tc-99m) sestamibi single photon emission 
computed tomography for the detection of significant coronary 
artery disease. Tc-99m sestamibi scintigraphy after injection 
during chest pain had the highest sensitivity for the diagnosis. 
It has a better accuracy than the 12-lead electrocardiogram 
obtained during or between episodes of chest pain. Use of the 
criterion of a reversible Tc-99m sestamibi defect slightly in- 
creases the specificity for the diagnosis of significant coronary 
disease but decreases its sengitivity. ECG = electrocardio- 
gram. 


e 
tope injection at the time of chest pain showed a sensitiv- 
ity of 35% (9 of 26) and a specificity of 68% (13 of 19), 
whereas the presence of ischemit signs on electrocardio- 
grams obtained either during or in the absence of pain 
had a sensitivity of 65% (17 of 26) and a specificity of 
63% (12 of 19) (Fig. 1). 


DISCUSSION 

In this study of patients without a previous myocardial 
infarction and with spontaneous chest pain presumed to 
represent unstable angina, a perfusion defect was objec- 
tively detected in all but 1 patient with significant coro- 
nary disease when Tc-99m sestamibi was injected during 
a symptomatic episode. However, a few patients without 
any significant coronary stenosis also showed a myocardi- 
al perfusion defect during pain. 

Whereas the sensitivity can hardly be improved, a 
number of reasons can explain the false-positive results 
(Table I). Vasospastic angina and myocardial ischemia 
without underlying severe fixed coronary stenosis can be 
present in some of these patients. Small undetectéd myo- 
cardial infarctions after thrombus formation and sponta- 
neous lysis can also be present in some patients. Finally, 
technical factors such as tomographic reconstruction arti- 
facts, patient movement during acquisition, breast atten- 
uation in female patients and diaphragmatic attenuation 
could produce false perfusion defects. Despite these po- 
tential limitations, Tc-99m sestamibi SPECT was highly 
sensitive and specific in this study for the diagnosis of 
myocardial ischemia and significant coronary artery dis- 
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Onset of Chest Pain No Chest Pain 


FIGURE 2. Two-dimensional polar map display of a techne- 
tium-99m sestamibi study obtained in a 48-year-old man with 
no known coronary disease admitted for atypical chest pain at 
rest. The study obtained during an episode of chest pain 
shows a large myocardial perfusion defect involving the ante- 
rior and septal walls. The electrocardiogram obtained at the 
time of the injection showed T-wave inversions in the precor- 
dial leads. The scintigraphy obtained in the absence of chest 
pain demonstrates almost complete recovery of the perfusion 
defect. A 70% proximal left anterior descending artery lesion 
was subsequently found at angiography. 





FIGURE 3. Technetium-99m sestamibi study obtained in a 
55-year-old man with known coronary disease and previous 
successful left anterior descending coronary artery percutane- 
ous angioplasty. The patient was admitted with the diagnosis 
of typical chest pain. Scintigraphic images obtained after an 
injection during chest pain demonstrate moderate hypopertu- 
sion of the septal wall with lesser involvement of the anterior 
wall. Myocardial perfusion in the absence of chest pain is nor- 
mal. Coronary angiography demonstrated an absence of re- 
stenosis. The electrocardiogram, however, documented tran- 
sient ST-segment elevation in the septal leads during an epi- 
sode of chest pain. The clinical diagnosis was Prinzmetal’s 
variant angina. 


TABLE I Possible Causes of Abnormal Technetium-99m 
Sestamibi Myocardial Uptake in the Absence of Significant 
Coronary Artery Disease 


Coronary artery vasospasm 


Previous myocardial infarction with coronary recanalization 
Noncoronary cardiac disease 
Artifacts: 

Breast or diaphragmatic attenuation 

Patiemt movement 

Tomographic reconstruction 





ease, and added significant information to the 12-lead 
electrocardiogram. 

Comparison with thallium-201 studies: Scintigraph- 
ic perfusion studies performed so far in patients with 
spontaneous angina have used Tl-201. Their results are 
summarized in Table II.'>-2! In these studies, only very 


TABLE fl Thallium-201 Studies in Unstable Angina 


% Patients with TI-201 





Investigators No. Patients 

TI-201 injection during chest pain 
Maseri et al!° 6 100 
Parodi et al!® 21 90 

TI-201 injection between episodes of chest pain 
Wackers et al!” 98 39 
Gewirtz et al!® 20 75 
Berger et al!9 14 53 
Freeman et al?° 33 82 
Brown et al?! 31 58 


Perfusion Defects 


Comments 


Patients with Prinzmetal's variant angina and 
ST-segment elevation 

Rest angina with ST-segment depression or 
pseudonormalization of T wave during pain 


Perfusion defect was predictive of 

complicated course 
Perfusion defects reversible in 58% of patients 
Perfusion defects corragponding to most 

severe coronary any lesions 
Includes T!-201 washout abnormalities 
Perfusion defects more frequent in patients who 

° also had effort angina compared to rest 
eangina only 


TI-201 = thallium-201. e 
cc 


few patients have been studied with TI-201 injected dur- 
ing episodes of chest pain.'>:'® These were highly selected 
patients with the diagnosis of Prinzmetal’s variant angi- 
na. All patients also had electrocardiographic changes 
during episodes of ischemia. The sensitivity of Tl-201 was 
100% in the 6 patients with ST-segment elevation, 86% in 
the 14 patients with ST-segment depression and 100% in 
the 7 patients with pseudonormalization of previously 
negative T waves. In 8 of these patients, the episode of 
chest pain was induced by ergonovine. In our study, the 
sensitivity was similar, showing that the results can be 
extended to a nonselected population with chest pain at 
rest and hospitalized for unstable angina. 

Reports on unstable angina with Tl-201 injected be- 
tween episodes of chest pain have involved more patients. 
T1-201 perfusion defects have been detected with sensitiv- 
ities between 39 and 75%,!7-?! similar to the 68% (17 of 
25) sensitivity we observed when limiting the analysis to 
pain-free studies in patients with an abnormal scintigram 
after chest pain injection. The perfusion defects are usu- 
ally seen in areas perfused by the most stenotic vessels, !° 
and they could be more frequent in patients with exer- 
tional angina and unstable angina than in angina at rest 
only.*! Washout abnormalities have also been de- 
scribed.” Finally, when present, the perfusion defects can 
help predict prognosis; in the study by Wackers et al,!7 
76% of the patients with a complicated clinical course had 
perfusion defects, compared to only 32% of the patients 
with an uncomplicated outcome. 

Tl-201 uptake by the myocardial cell is a marker of 
myocardial viability. Although 24-hour redistribution 
imaging is a better predictor of viability than the tradi- 
tional 3- to 4-hour study, the absence of redistribution 
does not imply cell death.2? Tc-99m sestamibi does not 
significantly redistribute, which may preclude assessment 
of cell viability in the presence of resting hypoperfusion. 
Perfusion defects are present in the majority of patients 
after an injection when free of pain. Different explana- 
tions can be found for these findings. As with TI-201, 
postischemic cell dysfunction could affect Tc-99m sesta- 


mibi extraction or retention.**°4 Silent ischemia can 
also be present along with severe coronary obstruction 
caused by an atherosclerotic, thrombotic or vasospastic 
component in the absence of clinical symptoms. 

Potential applications: The potential applications of 
Tc-99m sestamibi that can be derived or extrapolated 
from this study are summarized in Table III. The test can 
be used for the differential diagnosis of chest pain when 
other forms of provocative testing are usually contraindi- 
cated. It can locate the area of isehemia and thus indirect- 
ly help identify the culprit coronary artery lesion in pa- 
tients with multivessel disease. This can help decide the 
best treatment and guide’angioplasty when indicated. It 
can also be hypothesized that quantification of the hypo- 
perfused area during chest pain may have prognostic 
value for the occurrence of cardiac events and, by defin- 
ing an area at risk, the extent and severity of an eventual 
myocardial infarction. The presence and amount of hypo- 
perfused myocardium present between episodes of chest 
pain may also help elucidate some of the pathophysiolog- 
ic mechanisms involved in chest pain occurring aterest 
and evaluate the activity of the disease and the response 
to treatment. This information may aid in risk stratifica- 
tion. Some of these potential applications are currently 
under investigation in our laboratory. 

Logistic implications: For highest sensitivity, the im- 
aging agent must be injected during an episode of chest 
pain. Widespread application would thus require around- 
the-clock availability of Tc-99m sestamibi since the tim- 
ing of occurrence of pain is unpredictable. The 6-hour 


TABLE Ill Potential Applications 


Differential diagnosis of chest pain 

Selection of patients for coronary angiography 
Identification of the culprit coronary artery lesion 
Selection of best treatment 

Evaluation of success or failure of treatment 
Insight into pathophysiologic mechanisms 

Risk stratification 
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shelf-life recommended by the manufacturer can be an 
important limiting factor at night or during the weekend. 
The shelf-life could possibly be extended to 12 hours by 
improving the stability of Tc-99m sestamibi. Also, an 
automated technique allowing rapid labeling of the prod- 
uct with minimal intervention and without expertise in 
radiopharmacy could be a solution for the future. 


CONCLUSION 

The results suggest that Tc-99m sestamibi could be 
very useful for the evaluation of patients with spontane- 
ous chest pain and add new information to the currently 
available techniques offinvestigation. A negative study 
after injection during a ®hest pain episode appears to rule 
out significant coronary stenosis with a high level of confi- 
dence, whereas a positive study predicts with high accura- 
cy the presence of significant coronary* stenosis. A de- 
crease in the size of a perfusion defect between images 
obfain@d during chest pain and while free of pain further 
supports the diagnosis of myocardial ischemia. Continu- 
ing research is necessary to evaluate further the potentia! 
usefulness of Tc-99m sestamibi ta assess prognosis in 
unstable angina and the inflfence of therapy. 
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Planar Imaging Techniques Used with 
Technetium-99m Sestamibi to Evaluate 
Chronic Myocardial Ischemia 


Michael N. Maisey, BSc, MD, Raman Mistry, and Edgar Sowton, MD, FRCP 


The results of published and some unpublished 
studies comparing planar imaging performed with 
2 radionuclides, thallium-201 (TI-201) and techne- 
tium-99m (Tc-99m) sestamibi, are reviewed. The 
average sensitivity for the detection of coronary ar- 
tery disease (CAD) in studies involving 594 pa- 
tients was 85% (range 73 to 96%). The average 
sensitivity for individual vessels was 65% (range 
60 to 70%). The average segmental toncordance 
between TI-201 and Tc-99m sestamibi was 89%. 
End-diastolic gated perfusion images improved the 
concordance between Tc-99m sestamibi and angi- 
ography in 22 patients from 83.4 to 87%. Semi- 
quantitative analysis increased the concordance be- 
tween TI-201 and Tc-99m sestamibi from 89 to 
91%. Ventricular function derived from gated Tc- 
99m sestamibi perfusion images showed a signifi- 
cant correlation with echocardiography (n = 62, 
r = 0.85); with angiography (n = 70, r = 0.91); and 
with equilibrium radionuclide ventriculography 
(n = 18, r = 0.86). The ratio of lung to left ventricle 
uptake and the ratio of right ventricle to left ventri- 
cle uptake was assessed. Eight of 52 patients had 
an abnormally elevated lung index (>42%) and 
these patients had the most severe CAD. Six of the 
52 patients had an abnormally elevated right ven- 
tricular index (>56%) and these patients had more 
severe CAD. — 

(Am J Cardiol 1990;66:47E-54E) 
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planar imaging with thallium-201 (TI-201) is a 

well-established clinicalftechnique for the diagno- 
sis and assessment of patients with coronary artery dis- 
ease (CAD). Although TI-201 is the most widely used 
perfusion imaging agent, it has 2 important disadvan- 
tages: (1) soft tissue attenuatign and scatter of the low 
photon energy emission (80 keV); and (2) a relatively 
long half-life (73 hours). The recent introduction of tech- 
netium-99m (Tc-99m)-labeled sesta methoxyisobutyl 
isonitrile (sestamibi) as a new myocardial imaging agent 
overcomes these d&Sadvagtages, and early comparative 
studies have shown it to be at least as good as T]-201 for 
the detection of myocardial ischemia.!~4 

Another distinguishing characteristic of Tc-99m ses- 
tamibi is that it is fixed in the myocardial cell after uptake 
with no significant redistribution, unlike Tl-201, which 
begins to redistribute immediately. In addition to provid- 
ing high quality planar images of regional myocardial 
perfusion, the higher photon yield and myocardial fixa- 
tion of Tc-99m sestamibi allow electrocardiographic gat- 
ed images to be obtained, thereby providing simultaneous 
global ventricular function and regional wall motion 
data.” The acquisition of gated images further allows the 
examination of static perfusion images at different phases 
in the cardiac cycle, which can avoid the loss of resolution 
imposed by cardiac motion. 

We present some new planar imaging data and review 
the available data on the accuracy of planar myocardial 
perfusion imaging and ventricular function assessment 
with Tc-99m sestamibi. n 


METHODS 

Patients: Seventy patients (61 men, 9 women) and 12 
control subjects (10 men, 2 women) form the basis of this 
study. All patients had either typical angina or atypical 
symptoms in the presence of significant risk factors for 
CAD. Coronary angiography was performed within 4 
weeks of the radionuclide perfusion studies. Sixty pa- 
tients had documented coronary artery stenosis (>50% 
luminal diameter narrowing). One-vessel disease was 
present in 14 of these patients, 2-vessel disease in 27 and 
multivessel disease in 19. Ten patients had normal coro- 
nary arteriograms. The 12 control subjects were all 
asymptomatic, had normal resting and exercise electro- 
cardiograms (ECGs) and thus a low probability of CAD. 

Exercise testing: Exercise tests were carried out after 
a 3- to 4-hour fast using a bicycle ergometer. Treatment 
with 6 blockers was stopped 48 hours before exercise, 
unless clinically contraindicated. Testing was maximal 
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FIGURE 1. Myocardial segmental analysis. Top: left ventricu- 
lar segments in anterior (ANT), left anterior oblique (LAO) 45° 
and LAO 70° views. Bottom: division ofleft ventricle for con- 
struction of uptake profiles. Dom = dominant; LAD = left ante- 
rior descending; LCx = left circumflex; RCA = right coronary 
artery. (Reproduced with permission from Int 

J Cardiol.) 


(symptom-limited) and graded, starting at a level of 25 
watts (150 kpm) and incseased by 25 watts every 2 min- 
utes. Throughout the test, continuous 3-channel electro- 
cardiographic monitoring was performed using leads II, 
V, and Vs. A 12-lead ECG was recorded at rest, after 
every 2 minutes of exercise, at the onset of angina, at peak 
exercise and every minute for the first 5 minutes of recov- 
ery. End points for the exercise tests were angina of 
increasing severity, horizontal or down-sloping ST-seg- 
ment depression of >3 mm, a decrease in systolic blood 
pressure of >20 mm Hg or a significant exercise-induced 
arrhythmia. For paired studies, the second exercise test 
was performed to the same level as assessed by peak heart 
rate and blood pressure response. 

Thallium-201 imaging: At peak exercise, 74 MBq (2 
mCi) of Tl-201 was injected intravenously and the pa- 
tient was exercised for a further 1 to 2 minutes at a lower 
workload. Imaging commenced 5 to 10 minutes after 
injection. Using a general all-purpose collimator, we ob- 
tained three 10-minute views (anterior, left anterior 
oblique [LAO] 45° and LAO 70°). Delayed imaging was 
performed at 4 hours using the same protocol. 

Technetium-99m sestamibi imaging: A dose of 400 
to 600 MBg (10 to 16 mCi) of Tc-99m sestamibi was 
injected intravenously at peak exercise and the patient 
exercised for agurther | to 2 minutes at a lower workload. 
The patient was given a meal, and we began imaging 1 
hour after injection using the same parameters as for Tl- 
201 imaging. Rest images were usually obtained 48 hours 
later using a second, similar (<5% difference) dose of Tc- 
99m sestamibi. When cardiac gating was used, 18 
frames/cardiac cycle in a 64 X 64 matrix were acquired. 
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Image display and analysis: The images were dis- 
played on the video monitor in color and black and white 
monochrome with the myocardial image normalized to 
the highest count rate within the myocardium. Images 
were evaluated both unprocessed and after interpolated 
background subtraction.® 

Qualitative image analysis was performed by 3 ob- 
servers without knowledge of the patient’s coronary anat- 
omy. Each of the 3 views was divided into 5 segments 
(Fig. 1, top), and left ventricular (LV) myocardial uptake 
of each radiotracer was evaluated on a 3-point scale (nor- 
mal, decreased or absent) for each segment. A similar 3- 
point scale (complete, partial or absent) was used to eval- 
uate defect reversibility using delayed Tl-201 images or 
resting Tc-99m sestamibi images. Results were reached 
either by consensus of all 3 observers or by majority 
decision. ) 

We carried out semi-quantitative image analysis us- 
ing the myocardial uptake of each 10° radial segment. 
These images were normalized to the area of maximum 
intensity and maximal count uptake curves were plotted 
(Fig. 1, bottom). For the exercise and resting images of 
Tc-99m sestamibi, any segment with >70% of maximum 
activity level was considered normal. For Tl-201, a stan- 
dard “normal distribution” uptake curve was used. For 
both agents, reversibility was considered significant when 
improvement in relative segmental uptake was equal to or 
exceeded a 20% increase between exercise and delayed 
(or resting) images. 

Cardiac and lung uptake ratios: Measurements of 
lung and right ventricular uptake of both radiotracers 
were expressed as a ratio to maximal LV uptake (Fig. 2). 
Regions of interest were selected manually in the upper 
zone of the left lung and the area of the LV myocardium 
with maximal counts in the anterior view. These were 
expressed as a lung uptake ratio (“lung index”). The right 
ventricular uptake ratio was similarly determined from 
the myocardial segment, with maximal counts in the right 
ventricle and the segment in the left ventricle with maxi- 
mal activity in the LAO 45° view (“right ventricular 
index”). 

Upper normal limits for myocardial and lung indexes 
for Tl-201 and Tc-99m sestamibi were defined as the 





FIGURE 2. Areas of interest for the measurement of lung and 
right ventricular uptake ratios. Abbreviations as in Figure 1. 
(Reproduced with permission from Int J Cardiol.'2) 





mean +2 standard deviations of the control group. Exer- 
cise and resting myocardial uptake ratios for each of the 
radiotracers were compared using the paired Student t 
test. Comparison of proportions was performed by chi- 
square or Fisher’s exact test. 

Gated perfusion images: To evaluate the contribution 
of gated images to the identification of perfusion defects, 
the 18 images of each view were displayed (Fig. 3) and 
the 2 most visually prominent images of end-diastole 
(ED) were combined to create 1 static end-diastolic im- 
age. Similarly, the 2 most prominent end-systolic images 
were combined to create | static end-systolic image. The 
ungated images were created by combining all 18 frames 
to produce | static ungated image. These 3 images were 
background subtracted, interpolated and smoothed by a 
9-point smooth program and normalized to the pixel with 
the highest count ratio in the myocardium. The 3 static 
images (i.e., end-diastolic, end-systolic and ungated) 
were displayed on a monitor and observed by 3 indepen- 
dent observers. For each view, the 5 segments (total of 
15) were graded for perfusion abnormalities on a scale of 
0 to 4: grade 0 = definitely normal, grade 1 = probably 
normal, grade 2 = possibly abnormal, grade 3 = proba- 
bly abnormal and grade 4 = definitely abnormal. 

Ventricular functional assessment: From the gated 
LAO images of the left ventricle, anterior to posterior 
wall (AP) and septum to lateral wall (SL) dimensions of 
the cavity were measured by counting the number of 
pixels along each axis to the inner edge of the myocardi- 
um defined subjectively by the observer at both ED and 
end-systole (ES) (Fig. 4). “Radionuclide fractional short- 
ening” (RFS) was calculated for each axis: RFS 
(%) = [(ED — ES)/ED] Xx 100. 

A gobal measure of RFS was derived: Global RFS 


“= 18 


FIGURE 3. Eighteen images of the gated LAO 45° view. LAO- 
= left anterior oblique; MIBI = methoxyisobutyl isonitrile; Tc- 
99m = technetium-99m. (Reproduced with permission from 
Eur Heart J.5) 


THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 16, 1990 





IMAGING 


End Diastole End Systole 


RFS = ED-ES (pixel counts E ARA (SL) and 
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FIGURE 4. Top: left ventricular radionuclide fractional short- 
ening (RFS) measurements from gated end-diastolic (ED) and 
end-systolic (ES) perfusion images. Bottom: Tc-99m sestamibi 
scintigrams from a patient with ischemic heart disease. 

A = anterior; L = lateral; P = posterior; S = septum; other ab- 
breviations as in Figure 3. (Reproduced with permission from 
Eur Heart J.5) 


(%) = [((EDap + EDs) — (ESap + ESsz)/(EDap + 
EDs,)] X 100. 

A second method applied a semi-automatic fitting of 
an ellipse to the inner wall of the left ventricle. The ellipse 
was controlled by the observer to provide the “best fit” to 
the cayity. The area of the ellipse in diastole and systole. 
was then used as in index of LV function (LVI): LVI 
(%) = [(ED area — ES area)/ED area] X 100. 

The 18 gated images were displayed as a continuous 
cine loop on the video monitor for the qualitative evalua- 
tion of global and regional ventricular function. 

Gated blood pool equilibrium studies: kighteeen pa- 
tients underwent resting Tc-99m radionuclide ventric- 
ulography using red blood cells labeled in vivo. LV ejec- 
tion fraction (EF) from the LAO 45° projection was 
calculated using a standard semi-automated program. 
Regional wall motion was assessed visually from the cine 
display. 
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TABLE I Ischemic Segments 


Mean /Patient (+ SD) 


Tc-99m 
Sestamibi 


Tc-99m 


Sestamibi  TI-201 


Qualitative analysis 
Exercise 
Delayed /rest 
Quantitative analysis 
Exercise 
Delayed /rest 


Reprinted with permission. !? 


SD = standard deviation; Tc-99g = technetium 99-m; TI-201 = thallium-201. 


Echocardiographic studies: M-mode echocardiogra- 
phy for measurement of LV fractional shortening was 
pegformed 45 minutes after Tc-99m sestamibi injection, 
before gated radionuclide image acquisition. Recordings 
were taken at a level just below the mitral valve leaflets, 
and only those containing clear, simultaneous echoes of 
the septum and posterior wall were used for analysis. 
Results of the radionuclide measurements were com- 
pared with those of echocardiographic fractional shorten- 
ing using linear regression analysis. Echocardiographic 
fractional shortening and LVEF measured by the blood 
pool equilibrium study were also compared with global 
RFS. À 

Coronary arteriography: Coronary arteriography 
was performed using the Sone’s technique. The coronary 
arteries were imaged in multiple views, and the arterio- 
grams were analyzed qualitatively by two experienced 
observers. LV function was graded on a scale of 0 to 4: 
grade 0 = normal, grade 1 = hypokinesis limited to one 
segment, grade 2 = akinesis limited to one segment, 
grade 3 = hypokinesis or akinesis involving two or more 
segments, and grade 4 = grade 3 plus one or more areas 
of frank dyskinesis. 

Statistical analysis: Proportional comparisons were 
by chi-square or Fisher’s exact tests as appropriate. Dif- 
ferences between groups were assessed by the Student t 
test. 


RESULTS 

Semi-quantitative assessment: Fifty-two subjects 
were studied (44 men, 8 women). Forty were CAD pa- 
tients (mean age 55 + 9 years) and 12 were asymptomat- 
ic control subjects (mean age 25 + 4 years). , 

The results of both qualitative and quantitative meth- 
ods as the total and mean number of segments with de- 
creased or absent perfusion at exercise or delayed T1-201 
and rest Tc-99m sestamibi images are listed in Table I. 
The number of segments with reversible uptake defects 
was recordede For the qualitative analysis, the exercise 
images showed decreased tracer uptake in 225 segments 
for Tc-99m sestamibi and 190 segments for Tl-201, with 
concordant abnormalities in 169 segments (89%). 

-= The perfusion defects were fully or partially reversible 
in 143 segments (35 patients) for Tc-99m sestamibi and 
71.segments (28 patients) for TI-201. 
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Using the semi-quantitative method, the exercise im- 
ages showed decreased radiotracer uptake in 226 seg- 
ments for Tc-99m sestamibi and 201 segments for Tl- 
201, with concordant abnormalities in 183 (91%) seg- 
ments. The perfusion defects were fully or partially 
reversible in 111 segments (30 patients) for Tc-99m ses- 
tamibi and 53 segments (27 patients) for Tl-201. 

Analysis of the regional distribution of myocardial 
perfusion defects on the exercise scintigrams permitted 
identification of the diseased vessel in the majority of 
cases. Ninety-three percent of diseased left anterior de- 
scending arteries were correctly identified, compared 
with 89% of right arteries and 83% of circumflex coro- 
nary arteries. 

Qualitative and quantitative analyses of exercise and 
resting images showed homogeneous radiotracer uptake 
in all patients without significant CAD, except 2 in whom 
an anterolateral defect occurred curing exercise with par- 
tial reversibility on resting images. There were no false 
positives in the asymptomatic control group (normalcy 
rate of 100%). 

Gated perfusion images: Twenty-two patients were 
evaluated who had gated exercise Tc-99m sestamibi stud- 
ies done, with a total of 330 segments analyzed. The end- 
diastolic or gated images showed a greater frequency of 
segments with visual perfusion defects (129 of 330, 39%) 
as compared to the ungated images (85 of 330, 26%). 
Qualitative defects were also identified with a higher level 
of confidence. This is reflected in the scoring for the gated 
versus the ungated studies (grade 3: 52 vs 21; grade 4: 33 
vs 15). The true-positive rates (defined by angiographic 
narrowing of >50%) for grade 4: 30 gated vs 16 ungated; 
grades 3 + 4: 68 vs 39; and grades 2 + 3 + 4: 113 vs 79. 

Plotting the results as a receiver operating character- 
istic (ROC ) curve (Fig. 5) confirmed that gated exercise 
end-diastolic images revealed an improved performance 
for the detection of CAD compared to ungated images. 
The area under the ROC curve for end-diastolic images 
equals 0.81; that for ungated images, 0.73. 

Lung uptake: Fifty-two patients were studied. Forty 
(34 men, 6 women, mean age 55 + 9 years) had typical 


Sensitivity 
1.0 


0.4 0.6 
1-Specificity 


FIGURE 5. Receiver operating characteristic (ROC) curve 
analysis for the detection of ischemic segments as shown by 
angiographic lesion >50%. Comparison of gated and ungated 
images. 





angina and angiographically proven CAD. The remain- 
ing 12 patients comprised the asymptomatic control 
group. 

In the control group, resting lung index was 36 + 9% 
for Tc-99m sestamibi. Exercise caused a small but insig- 
nificant reduction in this value (32 + 5%). 

Table II lists the results for the CAD patients. The 
mean value for resting Tc-99m sestamibi lung index in 
the CAD patients (35 + 6%) was similar to that obtained 
in the control group. However, unlike the control group, 
lung uptake increased with exercise in nearly 50% (19 of 
40) of the CAD patients. The mean exercise lung index 
for CAD patients (36 + 8%) was significantly higher 
than in patients with normal coronary arteries (32 + 5%, 
p <0.01). 

If the upper limit of normal for exercise Tc-99m sesta- 
mibi lung index is defined as 42% (mean + 2 standard 
deviations), 8 CAD patients had an abnormally elevated 
Tc-99m sestamibi exercise lung index. Those patients 
with an abnormal lung index had morevextensive CAD 
than the remainder of the group (2.5 + 0.3 diseased 
vessels/patient vs 1.75 + 0.4). 

T1-201 lung index was significantly lower on exercise 
than on delayed images in the CAD group. There was no 
significant difference between the exercise and delayed 
TI-201 lung indices in the control group (39 + 7 vs 42 + 
7%). In both the CAD and control groups, exercise Tl- 
201 lung indices were significantly higher than the corre- 
sponding indices for Tc-99m sestamibi. 

Abnormal exercise Tl-201 lung index was defined as 
being >53%. This is similar to the definition of abnormal- 
ity adopted by Brown et al.’ Exercise Tl-201 lung index 
was abnormal in 6 CAD patients. Five of these 6 patients 
also had an abnormal exercise Tc-99m sestamibi lung 
index (concordance of 83%). 

Right ventricular uptake: [n the control group, the 
resting right ventricular index was 42 + 7% for Tc-99m 
sestamibi. Exercise did not significantly affect this value 
(44 + 6%). 

Right ventricular uptake of Tc-99m sestamibi in the 
CAD patients was similar to that for the control subjects 
at rest (43 + 7%), but increased significantly with exer- 
cise (48 + 9%, p <0.01). If the upper limit of normal for 
Tc-99m sestamibi exercise right ventricular index is de- 
fined as 56%, right ventricular index was abnormally 


TABLE II Exercise and Delayed/Rest Lung and Right 
Ventricular Indices (Mean + SD) for TI-201 and Tc-99m 
Sestamibi Images in Patients with Coronary Artery Disease 


Right 
Ventricular Index ‘ 


Lung Index 


Tc-99m 
Sestamibi TI-201 


Exercise (%) 40+10 3648 5649 
Delayed/rest(%) 47249 35+6 57+8 
p value <0.01 NS NS 


NS = not significant; other abbreviations as in Table |. 
Reproduced with permission from Int J Cardiol.'2 


Tc-99m 


TI-201 Sestamibi 


48 +9 
4347 
<0.001 
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increased in 6 patients. Those patients with abnormal 
elevation of the Tc-99m sestamibi right ventricular index 
had more extensive CAD than the remainder of the group 
(2.83 + 0.2 diseased vessels/patient vs 1.73 + 0.5, p 
<0.05). The abnormal! elevation in right ventricular index 
in these patients occurred despite significant right coro- 
nary stenoses in all 6 cases. 

Mean right ventricular index for Tl-201 was similar 
for exercise and delayed images, both in the control group 
(53 + 6 and 55 + 7%, respectively) and in the CAD group 
(56 + 9 and 57 + 8%, respectively). Exercise Tl-201 right 
ventricular index was abnormal (>65%) in 5 of the 6 
patients with an abnormal Tc-m sestamibi right ven- 
tricular index. 

Gated functional studies: A total of 106 Tc-99m ses- 
tamibi studies (46 after exercise, 60 resting) were per- 
formed in 68 p&tients. Eight studies in 6 patients could 
not be analyzed because of technical limitations ighegent 
in the method: in 3 patients, full thickness infarction and 
complete absence of regional tracer uptake made it im- 
possible to define the LV cavity dimensions in 1 or both 
axes; 2 patients withsystolje cavity obliteration prevented 
measurement of the end-systolic dimension; and in | ecto- 
morphic patient, the vertical position of the heart distort- 
ed the radionuclide image of the left ventricle and made 
measurement of the vertical axis impossible. Thus, 96 
studies in 62 patients are the subject of this report. 

RFS was 36 + 11% (megn + standard deviation) 
(range 13 to 55%) in the vertical axis and 33 + 10% 
(range 7 to 64%) in the horizontel axis. Echocardiograph- 
ic fractional shortening in the same patients was 37 + 9% 
(range 15 to 55%). Regression analysis showed a good 
correlation between the’2 methods, with the AP axis 
measurements showing the best correlation (r = 0.89, p 
<0.001). 

The global RFS (derived from both the vertical and 
horizontal axis measurements) was 35 + 10% (range 14 
to 59%), and this correlated well with echocardiographic 
fractional shortening (r = 0.85, p <0.001) as defined by 
the regression equation: RFS = 2.2 + 0.90 X echocardio- 
graphic fractional shortening (Fig. 6). . 

Radionuclide ventriculography (RNV) in 18 patients 
showed a mean LVEF of 48% (range 18 to 72%). The 
global RFS in the same 18 patients was 34% (range 15 to 
54%), and regression analysis confirmed a close linear 
correlation between the 2 variables (r = 0.83, p <0.001) 
defined by the equation: RFS = 1.9 + 0.68 X EF (Fig. 7). 

Reproducibility measurements were carried out on 30 
studies by 2 observers. Interobserver variability was <8% 
and intraobserver variability <5% for the RFS measure- 
ments in the 2 axes. 

The study was repeated in 70 patients using the semi- 
automatic ellipse method and correlated with the angio- 
graphic EF (correlation coefficient = 0.91% and with gat- 
ed blood pool radionuclide EF (correlation coeffi- 
cient = 0.86). 

The qualitative cine display of the gated Tc-99m ses- 


tamibi studies was compared with the gated blood 3 | 
studies and with angiography for the assessment of res A k 


gional wall motion abnormalities in 31 patients with 


F a’ gi 
f GaG 





~ 4 we} 
Ee 


a). 








A SYMPOSIUM: TECHNETIUM-99m AGENTS 


Global RFS 
% 70 


60 
50 
40 
30 


20 


Echo FS 


FIGURE 6. Global radionuclide fractional shortening (RFS) 
compared to echo fractional shortening (FS) in 96 studies. 
(Reproduced with permission frog: Eur Heart J.°) 


vious myocardial infarction. Tc-99m sestamibi perfusion 
imaging identified 29 of 31 patients with myocardial in- 
farction (Table IIT) and was correctly localized to the 
angiographically akinetgc or hypokinetic segments. 
Eighty-four percent of these patients had both perfusion 
defects and regional walb motion abnormalities on gated 
Tc-99m sestamibi studies. When segmental analysis was 
applied, the gated Tc-99m sestamibi study underestimat- 
ed the number of abnormal segments as compared with 
RNV (172 vs 186). For each category (normal, hypoki- 
netic and akinetic) there was concordance between ab- 
normal RNV segments and Tc-99m sestamibi segments 
in 87% of the segments and a discordance in 13% of the 
segments. Discordance was due to both overestimation 
and underestimation of wall motion abnormalities. 


DISCUSSION 

The clinical application of Tc-99m sestamibi to the 
diagnosis of ischemic heart disease will depend partly on 
its diagnostic sensitivity for CAD relative to Tl-201, the 
established perfusion imaging agent, and also on the 
benefits related to its advantageous physical and biologi- 
cal properties. We have compared Tc-99m sestamibi and 
TI-201 in patients with angiographically proven ÇAD. 
Qualitative and quantitative image analysis showed con- 
cordance in excess of 88% for the identification of isch- 
emic segments. These data, together with studies from 
other centers,'34 show that both perfusion imaging 
agents have a similar sensitivity for the detection of myo- 
cardial ischeneia. 

Studies comparing the accuracy of Tl-201 and Tc- 
99m sestamibi for the detection of myocardial ischemia 
using planar imaging have been undertaken in Europe 
and North America. Three substantial published series 
are available,'3+ evaluating a total of 174 patients. A 
further 56 patients from an unpublished European multi- 
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FIGURE 7. Correlation of global radionuclide fractional short- 
ening (RFS) with equilibrium radionuclide ventriculography 
(RNV) gated ejection fraction (EF) measurements. (Repro- 
duced with permission from Eur Heart J.°) 


TABLE Ill Technetium-99m Perfusion Imaging 
Segments 


Akinetic Hypokinetic Normal 
113 


103 


189 
203 


RNV 73 
Gated Tc-99m sestamibi 69 


RNV = radionuclide ventriculography; Tc-99m = technetium-99m. 


center study are included in this report together with 
preliminary results from the European and North Ameri- 
can Phase III Multicenter trial, adding a further 361 
patients. These results are compared in Table IV. The 
average sensitivity for the diagnosis of CAD using Tc- 
99m sestamibi is 85% (range 73 to 96%). When individu- 
al vessels are considered, this average sensitivity value is 
reduced to 65% (range 60 to 70%). No significant differ- 
ences between T]-201 and Tc-99m sestamibi are shown. 
Patient and segmental concordances between the 2 
agents are high but decline slightly when ischemic or scar 
patterns are evaluated. However, there is no consistent 
bias in the studies toward an increased frequency of re- 
porting a scar or a viable segment for either radiopharma- 
ceutical. These results support the initial impression that 
using planar imaging Tc-99m sestamibi is at least as good 
as TI-201 for the diagnosis of ischemic heart disease using 
similaf imaging protocols. 

We have used conventional methodology for compar- 
ing%he sensitivities of T1-201 and Tc-99m sestamibi in the 
diagnosis of CAD. For TI-201, redistribution images 
were used for the assessment of defect reversibility, while 
resting images were obtained 24 to 48 hours after the 
exercise study for Tc-99m sestamibi because this agent 
shows no significant redistribution. Tc-99m sestamibi 
provides a true resting (as opposed to redistribution) im- 
age of superior quality, and the finding that it identified 
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TABLE IV Comparison of Results of Multicenter Trials 
Sensitivity % (No.) 
Vessels 


Investigators - MIBI TI-201 
Wackers et al 38 89 69 


Specificity % (No.) 


Vessels Concordance % 


TI-201 MIBI TI-201 MIBI Pts Segments Pattern 


82 78 


1989 (35/36) (32/36) (45/65) (39/65) (40/49) (38/49) 


Kiat et al 1989 36 73 73 54 60 


50 73 86 


(19Angio) (11/15) (11/15) (19/35) (21/35) (2/4) (3/4) (16/22) (19/22) 


Tailleferetal 1989 100 Not given 74 70 


Not given Not given 89 92 


(65 Angio) (72/97) (68/97) ° 


Phase Ii Europe 56 98 96 68 68 


Too few 56 58 98 88 


(53/54) (52/54) (74/109) (74/109) (33/59) (34/59) 


Phase lll’ Europe 86 86 86 — -— 
Phase Ilit US and 275 80 81 — — 
Canada 


Normaicy rate (pts): MIBI = 94% (n = 16/17); TI-201 = 88% (n = 15/17). 
t Preliminary results. 


100 


MIBI = technetium-99m sestamibi; TI-201 = thallium-201; Pts = patients; US = United States. 


significantly more reversible perfusion defects than TIl- 
201 in part may reflect the greater sensitivity of rest 
injection images for the detection of reversible myocardi- 
al ischemia. Quantitative analysis is likely to further im- 
prove the accuracy of planar imaging, and current results 
together with other published data support this conclu- 
sion. However, as has been pointed out by others,* it 
will be important to establish background subtraction 
programs and normal databases specific for Tc-99m ses- 
tamibi and not simply rely on data acquired from Tl-201 
studies. 

Image quality is superior with Tc-99m sestamibi for 
both the exercise and resting studies because of the better 
imaging characteristics of the Tc-99m label and the larg- 
er doses that can be administered for similar patient 
radiation doses. This in itself results in a higher diagnostic 
confidence and probably a quicker learning curve. 

Routine gating of the myocardial images permits a 
more comprehensive evaluation of myocardial perfusion 
and function without significantly altering the acquisition 
times. Thus, increased sensitivity can be expected by 
viewing and measuring the distribution of myocardial 
perfusion in systole and diastole in addition to the time- 
integrated image, thus permitting evaluation of defects 
without the loss of resolution inevitable from the integrat- 
ed image. Information about wall thickening may also be 
gained, although this was not evaluated in our study. 

In addition to enhancing the perfusion images, routine 
gating permits the simultaneous assessment of ventricu- 
lar function because imaging with Tc-99m sestamibi pro- 
vides adequate edge definition for quantitative evalutation 
of LV contractile function in the majority of patients. 
Measurement of RFS using both methods has showr? a 
close correlation with other noninvasive indices of LV 
function that are accepted methods for the evaluation of 
myocardial performance. 

The relatively low energy of Tl-201 and the low count 
density of Tl-201 images mitigate against clear edge defi- 
nition, which is necessary to accurately measure the 
changes in LV cavity dimensions in diastole and systole 





and to produce reliable functional assessment. The higher 
energy, increased couating statistics and very slow wash- 
out from the myocardium’ of Tc-99m sestamibi over- 
come these inherent disadvantages of T]-201. 

An important limitation of echocardiographic frac- 
tional shortening measurements is that ventricular func- 
tion is evaluated only in 1 dimension. To diminish this 
limitation, we measured the RFS in 2 dimensions and 
derived the global fractional shortening by averaging the 
2 measurements. The global fractional shortening, like 
the 2 variables from which it was derived, showed a close 
correlation with the echocardiographic fractional short- 
ening. More importantly, fhe global RFS showed a close 
correlation with the LVEF in those patients who under- 
went RNV. Radionuclide EF is a well-established mea- 
sure of LV contractile function. It is a volume-related 
parameter because it is count-based, and exact correla- 
tion with the linear-based global fractional shortening 
method would not be expected. However, the close corre- 
lation of EF with global fractional shortening suggests a 
potentially useful clinical role for this new ejection phase 
variable as an adjunct to perfusion measurements. 

Interobserver variability for the RFS determinations 
was low, enhancing the clinical validity of this new mea- 
surement. Nevertheless, this method has technical limita- 
tions that occasionally prevented complete quantitative 
assessment. In certain patients, LV delineation was im- 
possible due to either systolic cavity obliteration or the 
absence of regional uptake in areas of extensive full thick- 
ness infarction. However, these technical limitations do 
not detract significantly from the clinical application of 
the method since we found them to be relatively uncom- 
mon in practice. The main drawback is that there is not a 
true inner circumference using planar imaging; single 
photon emission computed tomographic imaging, which 
uses a true slice and therefore an inner circumference, 
may further improve the usefulness of cardiac gating. 

TI-201 exercise lung index is a useful diagnostic indi- 
cator, abnormal elevation being associated with extensive 
CAD.!'° Exercise may cause exertional LV dysfunction 
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and prolong pulmonary transit time, thereby enhancing 
pulmonary extraction of the isotope. Our results suggest 
that Tc-99m sestamibi lung index may be influenced by 
the same factors. Thus, Tc-99m sestamibi lung index 
tended to increase with exercise in many CAD patients 
(reflecting exertional LV dysfunction), but showed a de- 
crease in the control group. Patients with abnormal eleva- 
tion of the Tl-201 exercise lung index also had abnormal 
elevation of the Tc-99m sestamibi lung index, and all 
these patients had extensive CAD. Two of the remaining 
34 patients with normal exercise Tl-201 lung index had 
an abnormal Tc-99m sestamibi lung index. In both cases, 
this was associated With 3-vessel CAD. Although the 
number of patients with abnormal elevation of the Te- 
99m sestamibi exercise lung index was small, our data do 
suggest that routine measurement of this variable might 
improve the specificity of perfusion imaging for the diag- 
ngsis of CAD. Further assessment of the degree of in- 
creased lung uptake of Tc-99m segfamibi immediately 
after exercise (as opposed to 1 hour later) would be of 
interest. 

The lung and right ventrigular wptakes of both Tl-201 
and Tc-99m sestamibi appeared to be governed by similar 
factors in the CAD patients, with higher values associ- 
ated with exercise compared with at rest. However, in the 
control group, there was no significant difference be- 
tween the exercise and resting values. Again, it was the 
patients with extensive GAD who tended to have higher 
values for the exercise right ventricular index. Pulmonary 
hypertension and right ventricular hypertrophy are asso- 
ciated with increased resting right ventricular uptake of 
Tl-201,° and right ventricular uptake defects with exer- 
cise are thought to predict proximal right coronary dis- 
ease.!! Nevertheless, the mechanism and diagnostic sig- 
nificance of exertional changes in right ventricular Tc- 
99m sestamibi uptake observed in our patients are 
undetermined. Similar to lung uptake, the data may pro- 
vide an indication of the severity of CAD. 

Planar myocardial imaging may eventually be super- 
ceded by single photon emission computed tomography 
imaging. However, currently, the vast majority of clinical 
studies are performed using a planar camera. Moreover, 
planar camera studies are easier to perform, require less 
quality control and give rise to fewer artifacts. The data 
presented in this study and those from other planar imag- 
ing studies suggest that planar imaging with Tce-99m 
sestamibi is at least as accurate as Tl-201 for the detec- 


54E THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


tion of CAD in patients and in individual vessels. Further- 
more, the improved image quality of the Tc-99m sesta- 
mibi studies appears to improve observer confidence in 
the interpretation of the myocardial perfusion scinti- 
grams. Thus, Tc-99m sestamibi seems likely to replace 
Tl-201 for many purposes in the investigation of CAD. 
Performing a comprehensive evaluation of perfusion, in- 
cluding gated diastolic and systolic images, wall motion 
studies and uptake ratios of the lungs and right ventricle, 
will maximize the data derived from studies using this 
important new agent. | 
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Technetium-99m (Tc-99m) sestamibi is a new myo- 
cardial perfusion imaging agent that offers signifi- 
cant advantages over thallium-201 (TI-201) for 
myocardial perfusion imaging. The results of the 
current clinical trials using acquisition and process- 
ing parameters similar to those for TI-201 and a 
separate (2-day) injection protocol suggest that Tc- 
99m sestamibi and TI-201 single photon emission 
computed tomography (SPECT) provide similar in- 
formation with respect to detection of myocardial 
perfusion defects, assessment of the pattern of de- 
fect reversibility, overall detection of coronary ar- 
tery disease (CAD) and detection of disease in indi- 
vidual coronary arteries. Tc-99m sestamibi SPECT 
appears to be superior to Tc-99m sestamibi planar 
imaging because the former provides a higher de- 
fect contrast and is more accurate for detection of 
disease in individual coronary arteries. Research is 
currently under way addressing optimization of ac- 
quisition and processing of Tc-99m sestamibi stud- 
ies and development of quantitative algorithms for 
detection and localization of CAD and sizing of 
transmural and nontransmural myocardial perfu- 
sion defects. It is expected that with the implemen- 
tation of the final results of these new develop- 
ments, further significant improvement in image 
quality will be attained, which in turn will further 
increase the confidence in image interpretation. De- 
velopment of algorithms for analysis of end-diastol- 
ic myocardial images may allow better evaluation 
of small and nontransmural myocardial defects. 
Furthermore, gated studies may provide valuable 
information with respect to regional myocardial 
wall motion and wall thickening. With the imple- 
mentation of algorithms for attenuation and scatter 
correction, the overall specificity of Tc-99m sesta- 
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mibi SPECT should improve 
of a substantial decrease in the occurrence of at- 
tenuation-related image artifacts. Simultaneous as- 
sessment of ventricular function by performing 
first-pass studies may provide important additional 
information to that obtained from analysis of piye- 
cardial perfusion.. 

(Am J Cardiol 1990;66:55E-62E) 


e 
echnetium-99m (Tc-99m) sestamibi! is a 
new myocardial perfusion imaging agent with 
physical characteristics superior to those of thalli- 
um-201 (Tl-201). Compared to Tl-201, the shorter half- 
life (6 hours) of Tc-99m sestamibi, coupled with its 
prompt hepatobiliary and renaleexcretion, results in more 
favorable radiation dosimetry. Approximately 10 times 
the dose of TI-201 can be admirfistered for similar radia- 
tion exposure. The higher injectable dose also allows first- 
pass’ studies and cardiac, gating? for the assessment of 
ventricular function and wall motion. In addition, due to 
its photon energy of 140 keV, which is optimal for stan- 
dard gamma camera imaging, better overall image quali- 
ty has been demonstrated compared with Tl-201.4 
Recently, single photon emission computed tomogra- 
phy (SPECT) has been widely used as an imaging modal- 
ity because it provides a higher defect contrast and better 
resolves overlapping myocardial regions than convention- 
al planar imaging. Both characteristics improve the*de- 
tection and localization of coronary artery disease 
(CAD).°-’ We review several aspects of myocardial per- 
fusion imaging using Tc-99m sestamibi and SPECT. 


TECHNETIUM-99m SESTAMIBI 
TOMOGRAPHY VERSUS THALLIUM-201 
TOMOGRAPHY FOR MYOCARDIAL 
PERFUSION IMAGING 

After initial clinical trials that established the safety 
of Tc-99m sestamibi in humans,’ extensive clinical infor- 
mation has been generated on the clinical utility of Tc- 
99m sestamibi myocardial perfusion SPECT imaging 
through the North American Multicenter @linical Trial? 
and studies by several investigators.*!%!! In the Phase II] 
Multicenter North American Clinical Trial, 22 centers in 
the United States and 2 centers in Canada participated in 
an open-label study designed to compare Tc-99m sesta- 
mibi with Tl-201 imaging and coronary angiography. All 
patients underwent maximal exercise TI-201 and Tc-99m 
sestamibi SPECT studies separated by an average of 4 
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FIGURE 1. Agreement between technetium-99m (Tc-99m) 
sestamibi and thallium-201 (TI-201) for classification of nor- 
mal images (NL), and images with reverSible (REV) and those 
with nonreversible (NR) defects, in 278 patients. REV/ 

NR = the agreement for pattern of reversibility (reversible or 
nonreversible). The numerator is the namber of patients with 
stress defects present in both Tc-99m sestamibi and TI-201 
images. 


days. Separate rest and exercise Tc-99m sestamibi 
SPECT studies were performed on 2 days using an aver- 
age of 20 mCi for each imjection. Coronary angiography 
was performed within an average of 16 days of the Tc- 
99m sestamibi study. @f the 278 patients in the study 
population, 39 had normal coronary arteriograms, 153 
had angiographically documented CAD and 86 had <5% 
likelihood of coronary disease based on Bayesian analysis 
of their age, sex, clinical symptoms and the results of 
exercise electrocarciography.'?-'* For the evaluation of 
agreement between Tc-99m sestamibi and Tl-201 
SPECT studies, and for the correlation with the results of 
coronary arteriogram, all perfusion images were visually 
analyzed by blinded interpretation of investigators in 
each participating institution for the presence of myocar- 
didi perfusion defects and the pattern of defect reversibili- 
ty. Some of the results from the Multicenter Trial are 
summarized in the present report. 

Agreement for presence of stress defect: Of the 278 
patients, 255 (92%) were concordant with respect to the 
presence or absence of stress perfusion defects. The 
agreement between the 2 agents was further assessed on a 
segment-by-segment basis. Of all the SPECT myoeardial 
segments evaluated (6,677 segments), 4,943 were concor- 
dantly interpreted as normal and 1,191 were concordant- 
ly interpreted as abnormal with perfusion defects, result- 
ing in a segmental agreement of 92%. 

Assessment of stress defect reversibility: To assess 
the efficacy ®f Tc-99m sestamibi in the evaluation of 
myocardial viability, the patterns of stress defect “revers- 
ibility” from perfusion images of the 2 tracers were com- 
pared. Of note, the mechanism for stress defect reversibil- 
ity of Tc-99m sestamibi is different from that of T!-201. 
Reversibility of T1-201 defect is the result of the differen- 
tial washout rate of Tl-201 from the normal and viable 
but hypoperfused myocardial regions. Unlike T}-201, 
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however, Tc-99m sestamibi does not appear to have sig- 
nificant myocardial redistribution.'>-'° Therefore, for the 
assessment of defect reversibility by Tc-99m sestamibi 2 
separate injections are required, 1 at peak exercise and 
the other at rest. While images acquired after injection of 
Tc-99m sestamibi at peak stress demonstrate exercise- 
induced disparity of regional myocardial blood flow, im- 
ages obtained after injection at rest show the pattern of 
myocardial perfusion in the resting state. 

Improvement or normalization of an exercise defect 
on the resting image indicates defect reversibility and 
implies the presence of viable but hypoperfused myocar- 
dium. Figure 1 summarizes the agreement between Tl- 
201 and Tc-99m sestamibi in 278 patients with respect to . 
differentiation of normal, reversible and nonreversible 
patterns.’ To categorize images according to the stress 
defect reversibility pattern, patients who had images with 
stress defects without evidence of reversibility were cate- 
gorized into the nonreversible subgroup, while patients 
who had images demonstrating reversible defects (with or 
without nonreversible defects) were categorized into the 
reversible subgroup. Images with no stress defects were 
classified as normal. The exact agreement was 83% (232 
of 278). In addition, of the 165 patients with perfusion 
images demonstrating stress defects by both agents, 142 
(86%) were concordant with respect to differentiating 
reversible from nonreversible patterns. When analysis 
was performed on a segment-by-segment basis, there was 
89% exact agreement between Tc-99m sestamibi and Tl- 
201 for normal, reversible and nonreversible defects. Fi- 
nally, of 1,191 segments that showed stress defects by 
both agents, 84% were concordant for differentiation of 
reversible from nonreversible patterns. In the discordant 
segments, defects that were reversible by Tc-99m sesta- 
mibi but nonreversible by Tl-201 predominated. 

Detection of angiographic coronary artery disease: 
The diagnostic accuracy of Tc-99m sestamibi and Tl-201 
SPECT images for the identification of patients with 
CAD was evaluated in 192 patients who had coronary 
angiography. Among the 153 patients with CAD (>50% 
luminal stenosis), the overall sensitivities of Tc-99m ses- 
tamibi and Tl-201 were 89 and 90%, respectively. The 
overall specificities, determined in the 39 patients who 
had normal coronary arteriograms, were 49% for Tc-99m 
sestamibi and 41% for T1-201. The observed low specific- 
ity by both agents is consistent with previously reported 
specificities for Tl-201'’~!? and is most likely due to pa- 
tient referral bias such that patients with an abnormal 
perfusion study were preferentially referred to coronary 
angiography. 14.20.21 Importantly, for both agents, the nor- 
malcy rates (defined as the number of patients from the 
low likelihood group with normal scintigraphic patterns 
divided by the total number of patients in the low likeli- 
hood group) in 86 patients with <5% likelihood of CAD 
were significantly higher than their respective specific- 
ities. For Tc-99m sestamibi, the normalcy rate was 81% 
and for Tl-201 it was 82%. Thus, from this multicenter 
study, the results with Tc-99m sestamibi SPECT were 
similar to those with Tl-201. Of note, however, this trial 
used acquisition parameters that had been optimized for 
TI-201 over several years. As will be discussed, optimiza- 





FIGURE 2. Overall sensitivity, specificity 
for identification of patients with coronary 
artery disease (CAD) and normalcy rate in 
patients with <5% likelihood of CAD.1° 


FIGURE 3. Sensitivity and specificity for 


tion of Tc-99m sestamibi acquisition may further im- 
prove the performance of this new agent. 


TECHNETIUM-99m SESTAMIBI 
TOMOGRAPHY VERSUS PLANAR IMAGING 

SPECT is expected to be superior to planar imaging 
for evaluation of CAD because it provides a higher defect 
contrast and minimizes regional myocardial overlap. To 
evaluate the potential superiority of Tc-99m sestamibi 
SPECT over planar imaging, several comparative studies 
have been conducted with respect to perfusion defect 
intensity, detection and localization of CAD. The data 
are summarized here. 

Perfusion defect intensity: Previously it has been ob- 
served that on planar images, Tc-99m sestamibi defects 
may appear less pronounced than T]-201 defects. Te de- 
termine the imaging method best suited for Tc-99m ses- 
tamibi, differences in perfusion defect intensities between 
SPECT and planar methods with both radioisotopes were 
evaluated on a preliminary basis in a group of 9 pa- 
tients.” Defect intensity was defined as the activity in the 
defect zone divided by the activity in the normal zone. 
With this definition, the more intense (pronounced) the 
defect, the lower the value of defect intensity. This pre- 
liminary study demonstrated that defects were more pro- 
nounced on planar Tl-201 images than the corresponding 
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planar Tc-99m sestamibi images (75 + 7 vs 81 + 9, p 
<0.01). In contrast to planar imaging, comparison of Tc- 
99m sestamibi and Tl-201 SPECT images in the same 
group of patients showed that perfusion defect intensities 
were similar between the 2 agents (60 + 21 vs 63 + 23, 
respectively, difference not significant). Overall, the 
SPECT technique appeared to significantly improve Tc- 
99m sestamibi defect contrast (or reduce perfusion defect 
intensity) when compared to planar images (81 + 9 vs 63 
+ 23, p <0.05). These findings are being evaluated in a 
larger group of patients. 

Detection and localization of coronary artery dis- 
ease: In a recent study,'° a group of 36 patients under- 
went Tc-99m sestamibi studies using both SPECT and 
planar methods. For identification of patients with CAD, 
the overall sensitivities appeared to be higher by SPECT 
(93%) compared to planar imaging (73%), but the differ- 
ence did not reach statistical significance in the small 
population studied. The overall specificities in patients 
with normal coronary arteriograms were 75% by both 
imaging methods. In addition, the study showed that 
normalcy rates in patients with a low likelihood of CAD 
were 100% by SPECT and 94% by planar imaging (dif- 
ference not significant) (Fig. 2). With respect to localiza- 
tion of CAD, the sensitivity of Tc-99m sestamibi SPECT 
for the detection of disease in individual coronary arteries 
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FIGURE 4. Planar images demonstrating reversible inferior wall defects in a patient with 3-vessel disease. (Adapted with per- 


mission from Am Heart J..°) e 


was 89%, which was significantly higher than the 60% 
obtained by Tc-99m sestamibi planar studies (Fig. 3). 
The specificity of SPECT and planar Tc-99m sestamibi 
studies for the detection gf disease in individual coronary 
arteries was 86% for both imaging methods. Similar re- 
sults with respect to thehigh diagnostic accuracy of Tc- 
99m sestamibi SPECT have subsequently been reported 
by other investigators.”'' Figures 4 and 5 show examples 
of images from a patient with angiographically docu- 
mented 3-vessel disease who underwent both planar and 





FIGURE 5. Single photon emission computed tomography 
(SPECT) images of the patient shown in Figure 4. Partial re- 
versible defects are seen in the inferior wall (right ceronary 
artery territory), and lateral wall (left circumflex coronary ter- 
ritory). In addition, a distal reversible defect is seen corre- 
sponding to a midieft anterior descending coronary artery dis- 
ease. (Adapted with permission from Am Heart J.*°) 
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tomographic Tc-99m sestamibi studies. On the planar 
images (Fig. 4), a small reversible inferior wall defect is 
noted, suggesting the presence of single-vessel right coro- 
nary artery disease. On the SPECT images (Fig. 5), 
however, in addition to the reversible inferior wall defect, 
reversible defects are also noted in the lateral wall and 
distal anteroseptal regions, correctly suggesting the pres- 
ence of additional disease in the left circumflex (LCX) 
and in the left anterior descending (LAD) coronary arter- 
ies, respectively. 


QUANTITATIVE ANALYSIS 

As with Tl-201, quantitative analysis is an important 
adjunct to the interpretation of Tc-99m sestamibi myo- 
cardial perfusion images, for the purpose of detecting and 
localizing CAD. and for the assessment of perfusion de- 
fect extent and the evaluation of prognosis. 

Detection and localization of coronary artery dis- 
ease: Kahn et alt have described a computerized method 
for quantitative analysis of Tc-99m sestamibi studies us- 
ing a gender-specific normal database that was estab- 
lished using data obtained from 12 normal volunteers 
without evidence of organic cardiac disease. The diagnos- 
tic accuray of the quantitative technique was evaluated in 
36 patients with angiographically documented CAD. The 
overall sensitivity for detection of CAD was 95%. The 
sensitivities for detection of disease in LAD, LCX, and 
right coronary arteries were 74, 91 and 74%, respectively. 
The respective specificities were 83, 76 and 69%. Using 
an approach similar to that used for quantitation of Tl- 
201 SPECT studies,'*:!? a quantitative method has re- 
cently been developed by Van Train and associates (un- 
published data) at Cedars-Sinai Medical Center for the 
interpretation of exercise-rest (2-day protocol) Tc-99m 
sestamibi images. A gender-specific normal database was 
established using data from patients with <5% likelihood 








FIGURE 6. Technetium-99m (Tc-99m) sestamibi stress 


from a patient with prior myocardial infarction. Left top and bottom quadrants are the short-axis views, the right top quadrant 
shows the vertical long-axis views and the right bottom quadrant shows the horizontal long-axts views. First and third rows of 
each quadrant are the stress tomograms; the second and fourth rows are the corresponding rest tomograms. This study dem- 
onstrates anteroseptal and apical stress defects with partial reversibility in the high lateral and proximal anteroseptal walls sug- 
gesting periinfarction ischemia. The patient had 1-vessel proximal left anterior descending disease on coronary angiography. 


of CAD. Using the same criteria for detection and local- 
ization of myocardial perfusion defects on polar map 
displays as previously described for Tl-201,!8 similar sen- 
sitivities and specificities were noted for overall detection 
of disease and detection of disease in coronary arteries to 
that reported by Kahn et al.‘ In a collaborative study 
between the 2 groups, Kiat et al (unpublished data, 1990) 
reported application of the Cedars-Sinai Medical Center 
method to the population from the University of Texas 
Southwest Medical Center. They showed similar interin- 
stitutional results even though different camera and com- 
puter systems were used in the 2 institutions and Cedars- 
Sinai normal limits were applied. Figures 6 and 7 show 
images and the results of quantification in a patient with 
a prior anterior myocardial infarction and significaat 
LAD coronary artery stenosis. Both visually and quanti- 
tatively, there are apical and large anteroseptal defects 
with some reversibility in the high lateral and proximal 
anteroseptal walls. 

Quantification of perfusion defect extent: Another 
important aspect of quantitative analysis relates to sizing 
of perfusion defects for the accurate assessment of defect 
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extent as well as prognosis. It has long been known that 
prognosis in patients with CAD relates to the extent of 
ischemic and infarcted myocardium. Several investiga- 
tors have reported the accuracy of Tc-99m sestamibi 
myocardial SPECT images for quantification of myocar- 
dial perfusion defect size. Verani et al?’ studied 13 dogs 
with permanent coronary occlusion that were imaged 
with Tc-99m sestamibi SPECT using a 64 X 64 matrix. 
The percent total left ventricular defect size was defined 
as the percent of all circumferential count profile points 
below a 50% threshold. Defect size by Tc-99m sestamibi 
SPECT correlated highly (r = 0.95) with postmortem 
pathologic defect size as determined by triphenyltetrazo- 
lium chloride (TTC) staining. Gibbons et al?4 developed 
and validated a quantitative technique in a heart phan- 
tom in which the SPECT defect size was defined as the 
area enclosed between the count profiles and a 60% 
threshold. There was virtually a 1-to-1 relation between 
the SPECT and true defect size (r = 0.99, y = 1.00x — 
1.07). This method was then successfully applied to pa- 
tients with evolving myocardial infarction to assess the 
effect of thrombolytic therapy in reducing the size of 
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FIGURE 7. Corresponding quantitative technetium-99m (Tc- 
99m) sestamibi results of the patient in Figure 6. A, Bound- 
aries defining the coronary artery perfusion on the polar map. 
B, Relative count polar maps for stress (left) and rest (right) 
tomograms. C, Quantitative results after comparison of the 
patient’s study to the normal limits. The anteroseptal and api- 
cal stress defects (left) are confirmed quantitatively with slight 
improvement on the rest polar map (right) indicating the pres- 
ence of ischemia. 


myocardium at risk.** Bergin et al’ measured Tc-99m 
sestamibi myocardial defect size as the percent of profile 
points below 60% of the peak activity, on the images of 
excised hearts in experimental animals. Using this tech- 
nique, they showed a high correlation (r = 0.79) with the 
area at risk defined anatomically by monastral blue. 
More recently, Prigent et al% have explored the possibili- 
ty of sizing both transmural and nontransmural myocar- 
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dial perfusion defects using gated Tc-99m sestamibi myo- 
cardial perfusion SPECT imaging in the experimental ` 
dog model. SPECT imaging was performed over 180° 
using a 128 X 128 matrix, high-resolution collimator and 
64 projections. Acquisition was gated to obtain 8 frames/ 
R-R interval. The 3 diastolic frames were isolated and 
summed into a single diastolic projection image for each 
of the 64 projections. For quantitation of defect size on 
individual slices, the previously described approach for 
Tl-20127.28 was improved by defining defect size as the 
pixel area enclosed between the experimental profile and 
a given threshold, divided by the entire pixel area below 
the threshold. The threshold giving the best correlation 
between the TTC infarct size and the SPECT infarct size 
in a sample of 6 “calibration” slices was used for deter- 
mining infarct size on the remaining slices. There was a 
high correlation between the Tc-99m sestamibi and the 
pathologic infarct size in 16 slices with transmural infarc- 
tion (Fig. 8), with a correlation coefficient of 0.90 and a 
concordance correlation coefficient of 0.88, the latter ex- 
pressing the 1-to-1 relation between the measurements. 
For the remaining slices that had nontransmural infarc- 
tion (n = 15) or were normal (n = 2), the correlation 
coefficient was 0.89 (Fig. 9), and the concordance corre- 
lation coefficient was 0.88. The findings suggest that Tc- 
99m sestamibi SPECT will prove accurate for the volu- 
metric quantitation of the extent of hypoperfused myo- 
cardium. 


ABSOLUTE QUANTIFICATION OF 
MYOCARDIAL PERFUSION 

A major problem with TI-201 and Tc-99m sestamibi 
SPECT studies is variable attenuation caused by varying 
distance of myocardial regions from the collimator and 
variable thickness of tissues interposed between the myo- 
cardium and the collimator. These attenuation patterns 
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FIGURE 8. Plots of the relation between quantitative tomo- 


graphic and pathologic transmural infarct size (IS) (see text). 


are frequently the source of false-positive studies. In a 
collaborative study between Emory University and Ce- 
dars-Sinai Medical Center, various algorithms that are 
aimed at correcting for attenuation and scatter are being 
developed and validated through studies on phantom and 
experimental animals.’ Attenuation correction is accom- 
plished by first obtaining a transmission map of the heart 
and surrounding structures. An attenuation correction 
matrix is then generated from this transmission map, and 
this matrix is applied to the raw data before reconstruc- 
tion using the first order Chang correction method.2? This 
approach may ultimately add 10 minutes to the acquisi- 
tion time and another 10 minutes to the processing time. 
For scatter correction, myocardial images are obtained 
on 2 different photopeaks simultaneously with the photo- 
peak of 106 keV yielding a scatter image that is then used 
to correct the 140 keV “on peak” study (Fig. 10). Appli- 
cation of scatter and attenuation correction as well as 
correction for object size may make it feasible to obtain 
absolute measurement of regional myocardial counts. In- 
corporation of this technique may ultimately result in an 
improvement in the diagnostic accuracy for detection of 
coronary artery disease. 


FUTURE DIRECTIONS 

To exploit the high count rates and other physical and 
biological properties of Tc-99m sestamibi, future direc- 
tions in the development of Tc-99m sestamibi SPECT 
encompass several important research projects. 

Development of optimal parameters for single pho- 
ton emission computed tomography acquisition and 
processing: Important preliminary evidence suggests 
that further improvement in Tc-99m sestamibi SPECT 
image quality is likely to evolve when protocols are specif- 
ically tailored to the physical and biological characteris- 
tics of this new agent. Recently a collaborative study 
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FIGURE 9. Plots of relation between quantitative tomographic 
and pathologic nontransmural infarct size (IS) (see text). 
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FIGURE 10. Attenuation (tof and scatter (bottom) tomo- 
grams at the midlevel of the canine myocardium. The attenua- 
tion tomogram was generated from transmission projection 
data. The brightness of the anatomic structures reflects the 
degree of attenuation. From these tomograms an attenuation 
correction matrix can be generated and applied to prospective 
data. The scatter tomogram was generated from projection 
data acquired at the 106 keV photopeak. 


4 

between Cedars-Sinai Medical Center and Emory Uni- 
versity was designed to optimize acquisition and process- 
ing.°°3' Parameters for T¢-99m sestamibi SPECT acqui- 
sition were evaluated using a realistic phantom that mim- 
icked the myocardium, myocardial perfusion defect, lung 
and spine with count rates simulating those encountered 
in clinical settings. Comparison of various combinations 
of SPECT acquisition and processing parameters showed 
that, compared to the all-purpose collimator and 64 X 64 
matrix combination previously shown to be optimal for 
Tl-201, a 128 X 128 matrix and high-resolution collima- 
tor combination significantly improved the defect con- 
trast and the definition of endocardial and epicardial 
borders in phantoms. This improvement appears to be 
predominantly due to the use of a high-resolution colli- 
mator. Subsequent clinical application of the parameters 
at Cedars-Sinai Medical Center and Emory University 
have indicated that to maintain acceptable uniformity in 
the tomograms and reduce disk requirements, a 64 X 64 
matrix is preferred over the 128 X 128 matrix. An opti- 
mized low-dose-high-dose, rest-stress same-day protocol 
that demonstrates excellent image quality is currently 
being evaluated by our centers. These optimization steps 
are described in greater detail by Garciæet al in this 
supplement.?? 

Gated single photon emission computed tomography 
acquisition: Due to high count rates, Tc-99m sestamibi 
images can be acquired with cardiac gating. Kahn et al? 
have demonstrated that analysis of regional wall motion 
on gated SPECT studies allows differentiation of viable 
and nonviable myocardial regions. In areas of reduced 
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Tc-99m sestamibi activity, viable myocardial regions 
demonstrated regional wall motion while nonviable myo- 
cardial regions had a lack of motion. Analysis of diastolic 
Tc-99m sestamibi SPECT studies may improve the abili- 
ty to detect small perfusion defects and thereby improve 
the threshold for detection of myocardial perfusion ab- 
normalities. In addition, viewing gated Tc-99m sestamibi 
data in a cine format should offer an additional quality 
control method for identification of SPECT imaging arti- 
facts (i.e., breast and diaphragm artifacts). 
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Clinical Experience with Technetium-99m 
Teboroxime, a Neutral, Lipophilic Myocardial 
Perfusion Imaging Agent 


Lynne L. Johnson, MD, and David W. Seldin, MD 


Technetium-99m (Tc-99m) teboroxime is a new 


technetium-based myocardial perfusion imaging 
_ agent (investigational code = $Q30217 [Cardiotec, 
Squibb Diagnostics]). A member of a class of neu- 
tral, lipophilic, technetium-containing complexes 
known as boronic acid adducts of technetium diox- 
ime (BATO) complexes, this agent is chemically 
very different from the cationic tracer thallium-201 
(TI-201) and from the cationic technetium complex 
Tc-99m sestamibi (Cardiolite, Du Pont Imaging 
Agents). Tc-99m teboroxime has high myocardial 
extraction, rapid blood clearance, little lung uptake 
and rapid myocardial washout. A biexponential 
pattern of myocardial washout is demonstrated in 
animals and in man. Effective half-lives of the 2 
washout components in man are 5.2 minutes and 
3.8 hours and represent approximately 66 and 
33% of the myocardial activity, respectively. The 
first half-life for the myocardium is approximately 
11 minutes. As the agent washes out of the heart, 
hepatic uptake occurs, peaking at about 5 minutes 
after injection. The liver is the major organ of ex- 
cretion and receives, along with the large bowel, 
the largest radiation dose. Rapid imaging protocols 
using standard cameras have achieved good myo- 
cardial counts from 3 planar views acquired over a 
4- to 5-minute period or for single photon emission 
computed tomography (SPECT) images acquired 
over a 10-minute period. An entire stress/rest pro- 
cedure can be completed in 1 hour. Analysis of 
data from 155 patients from 4 centers using planar 
or SPECT imaging showed a sensitivity and speci- 
ficity for blinded readings of 82 and 91%, respec- 
tively, when compared against overall clinical im- 
pression. There was a high agreement between 
blinded readings of Tc-99m teboroxime and TI-201 
scans from the same patient (90%). Studies in pro- 
gress include measurement of regional myocardial 
washout from dynamic SPECT acquisitions per- 
formed with a 3-headed SPECT camera, and com- 
bined function and perfusion tests using a adios’ 
high count rate camera. 

(Am J Cardiol 1990;66:63E-67E) 
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um-201 (TI-201) has become a mainstay in the 

diagnosis and management of coronary artery 
disease (CAD), TI-201 is not aft ideal imaging agent, 
especially when compared with technetium-99m (Tc- 
99m). Two’new technetium-based myocardial perfusion 
imaging agents, Tc-99m sestamibi and Tc-99m teborox- 
ime, have recently been developed, and both have under- 
gone clinical trials.!-> Tc-99m teboroxime is in a class of 
neutral, lipophilic, technetium-containing complexes 
known as boronic acid adducts of technetium dioxime 
(BATO) complexes. «The pharmacokinetics of Tc-99m 
teboroxime are very different from those of the cationic 
tracer Tl-201 or the cationic technetium complex Tc-99m 
sestamibi. Tc-99m teboroxime has high myocardial ex- 
traction and rapid myocardial washout. It has shown 
promise as a myocardial perfusion imaging agent used 
with stress testing. The rapid myocardial washout neces- 
sitates brief imaging protocols. 


A lthough myocardial perfusion imaging with thalli- 


PHARMACOKINETICS AND PREPARATION 

Tc-99m teboroxime is produced by template synthesis 
when Tc-99m is added to å vial containing the appropri- 
ate vicinal dioxime, methyl boronic acid, and the vial is 
heated at 100°C for 15 minutes. The chemical structure 
is shown in Figure 1. Tc-99m teboroxime is supplied in kit 
form as a lyophilized powder in sterile evacuated vials. 
Up to 100 mCi of Tc-99m in 1 ml of 0.9% sodium chloride 
is added to the contents of the vial. The vial is placed in a 
100°C water bath for 15 minutes, and then allowed to 
cool. Two doses of 15 mCi each (rest and stress) canebe 
obtained from the same vial. The presence of saline solu- 
ble contaminants and reduced technetium species is mon- 
itored with paper chromatography. One drop of the prep- 
aration is placed on each of two 1.3 cm X 11 cm What- 
man 31 ET strips. One strip is developed in normal saline 
while the other is developed in a 50:50 (by volume) nor- 
mal saline/acetone solution. The criterion for injection, 
which was met in all the phase II and III clinical trials, is 
that the sum of saline soluble contaminants and reduced 
technetium species be <10%. 

A high myocardial uptake of Tc-99m teboroxime 
(3.44% injected dose) was demonstrated in experimental 
animals.* The clearance of Tc-99m teboroxyne from the 
blood is biexponential. The first half-life time is 0.79 
minutes (88%); the second half-life time is 154 minutes 
(12%). Early planar imaging studies in man showed little 
lung uptake. Leppo and Meerdink? have used an isolated 
blood perfused rabbit heart preparation and indicator 
dilution techniques to evaluate cardiac transport of perfu- 
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FIGURE 1. Chemical structure of technetium-99m teborox- 
ime, a member of the chemical group called boronic acid ad- 

ducts $f technetium dioxime complexes. B = boron; CI = chlor- 
ine; H = hydrogen; N = nitrogen; O = oxygen; Tc = technetium. 


sion agents. These investigators found higher values for 
mean fractional extraction (measured over a range of 
flows) and for capillary permeability surface area prod- 
uct for Tc-99m teboroxime than for Tl-201 or Tc-99m 
sestamibi.) Although Tc-99m teboroxime has high ex- 
traction and initial capillary permeation, it has a rapid 
myocardial washout. Thys, net extraction values, which 
combine the summation of tracer washin and washout, 
were not as different among the three. 

A biexponential pattern of myocardial washout is 
demonstrated in animals* and in humans. Myocardial 
washout data in humans wefe collected from phase I 
studies performed at Duke University (unpublished 
data). Washout data from each individual patient were 
fitted to a biexponential curve, and the curves were com- 
bined using Systat software (Fig. 2). Effective half-lives 
of the 2 washout components in humans are 5.2 minutes 
and 3.8 hours and represent approximately 66 and 33% of 
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Time After Injection, min. 
FIGURE 2. Myocardial washout of technetium-99m teborox- 
ime: The first half-life of the myocardium is approximately 11 
minutes. 
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the myocardial activity, respectively. Thus, the first half- 
life for the myocardium is approximately 11 minutes. At 
| hour after injection, about 30% of the initial myocardial 
activity remains in the myocardium. However, with stan- 
dard planar imaging, no detectabled activity is present 
over the heart (Leppo et al, unpublished data). Single 
photon emission computed tomography (SPECT) imag- 
ing at 1 hour does show some myocardial activity. As the 
agent washes out of the heart, hepatic uptake occurs. 
Hepatic uptake peaks between 4.5 and 7.0 minutes after 
injection.® The liver is the major organ of excretion and is, 
along with the large bowel, the target organ for dosime- 
try. The liver receives 3.6 rads and the upper tract of the 
large intestine 3.3 rads from 2 (rest and stress) 15-mCi 


t 


doses of Tc-99m teboroxime. The total body dose is 510 ` 


mrads. This compares with a total body dose of 630 
mrads from a 3-mCi dose of Tl-201. 


IMAGING PROTOCOLS AND CLINICAL 
TRIALS 

Tc-99m teboroxime’s rapid myocardial washout ne- 
cessitates rapid imaging protocols. There are theoretical 
limitations to performing standard SPECT imaging 
when tracer activity within the field of view varies signifi- 
cantly during the SPECT acquisition. Under these cir- 
cumstances, projection images would be unequally 
weighted in the reconstruction procedure, potentially pro- 
ducing artifacts. Bok et al’ performed a phantom experi- 
ment addressing this question. By simulating time depen- 
dence of the tracer concentration, these investigators 
found that when the activity imaged follows a decaying 
exponential function, a distortion factor may be defined 
as the ratio of the total imaging time divided by the tracer 
half-life in the object imaged. They found that a change 
in activity of less than a factor of 2 results in little image 
distortion. Since the first half-life of Tc-99m teboroxime 
in the myocardium is approximately 11 minutes, and 
standard SPECT acquisitions, beginning within 2 min- 
utes of Tc-99m teboroxime injection, can be completed in 
10 minutes, there may be little image distortion from 
varying tracer activity. 

The first study using Tc-99m teboroxime and planar 
imaging in control subjects and coronary disease patients 
was performed by Seldin et al? (Table I), who used up- 
right bicycle exercise with the patient positioned in front 
of an Anger camera (Picker Dynamo, Picker Internation- 
al) to allow imaging as soon as blood pool activity cleared 
(about 2 minutes). Three standard planar views were 
acquired for 3, 5, and 6 minutes, respectively (Fig. 3), 
beginning with the anterior projection to allow visualiza- 
tion ef the inferior wall before hepatic uptake occurred. 
Stress imaging was performed first, followed 2 hours later 
wath a rest injection. A 15-mCi dose of Tc-99m teborox- 
ime was used for each injection. Thirty subjects—10 nor- 
mal volunteers and 20 patients with CAD documented by 
recent angiography—all had stress perfusion imaging 
performed with both Tl-201 and Tc-99m teboroxime. 
There was no significant difference between the 2 tech- 
niques for identifying abnormal vessels (Tc-99m teborox- 
ime, 19 of 45; Tl-201, 21 of 45) or detecting CAD (Tc- 





TABLE | Studies Using Technetium-99m and Planar Imaging 


Camera / 


Investigator No. Type Window 


Seldin and 
Johnson 
Leppo 


Planar SFOV 
20% 
Planar 
15% 
Planar 
SPECT 


LFOV 


LFOV 

Single head 
20% 

LFOV 

Single head 
Triad 

20% 
Scinticor 
SIM-400 

1” collimator 


Bellinger 


Planar 
SPECT 
SPECT 


Drane 


Seldin and 
Johnson 


Planar 


Time 
(First Image) 


3 minutes 
60 seconds 


60 seconds 


3 minutes 


60 seconds 





Technical 
Factors 


Total Imaging 
Time 


Counts /FOV 
(First Image) 


20 minutes Liver third view 


4—5 minutes Liver third view 


4—5 minutes 
10 minutes 


Liver third view 
Liver seen 


20 minutes 
10 minutes 
2 minutes 


Liver third view 
Liver uptake 
No liver 

4—5 minutes Also EF data 


? resolution 
e 


All imaging was begun within 2 minutes of injection. Dese of 15 mCi used in all stress injections, 
EF = ejection fraction; FOV = field of view; L = large; S = small; SPECT = single photon emission computed tomography; ? = questionable. ® 


99m teboroxime, 16 of 20; Tl-201, 17 of 20). However, 
significantly more defects were identified as fixed on rest- 
ing Tc-99m teboroxime scans than on Tl-201 redistribu- 
tion scans. This might be due to residual background 
myocardial activity from the first (exercise) injection. 
Similar observations have been made with Tc-99m sesta- 
mibi on same-day stress-rest studies when second-injec- 
tion rest scans were compared to Tl-201 redistribution 
scans. Hepatic uptake of Tc-99m teboroxime, which was 
apparent in the second image (shallow left anterior 
oblique) in all subjects, obscured inferoapical segment 
analysis in 14 of 20 patients but did not interfere with 
abnormal vessel identification. Seldin et al? were restrict- 
ed to an imaging protocol lasting about 20 minutes, which 
included camera repositioning time. Subsequently, it was 
shown independently by Leppo and by Bellinger that 
adequate myocardial counts can be acquired by an Anger 
camera in 40 to 60 seconds/view after Tc-99m teborox- 
ime injection (personal communication). These investiga- 
tors showed that using large field-of-view (LFOV) detec- 
tors, counts per image ranged from 300,000 to 400,000 
(Fig. 4). Both of these investigators used planar imaging 
protocols that were completed within 4 to 5 minutes. 
Standard SPECT imaging using single-head cameras 
and 10-minute acquisitions over 180° using standard 
“stop and shoot” software was performed by several 
groups of investigators (Table I). Continuous acquisition 
of counts over 180° shortens the total acquisition time to 
under 6 minutes, minimizing the effects of hepatic uptake 
(Fig. 5). > 
The planar and SPECT data from 4 groups of investi- 
gators participating in the phase III trial were combinéd 
for analysis.’ The “gold standard” in this trial was identi- 
fied as “overall clinical impression,” which was defined as 
the results of all clinical data except for the Tc-99m 
teboroxime data and included angiography plus Tl-201 in 
61 patients, angiography alone in 40 and T1-201 alone in 
54. For the 101 patients who had coronary angiography 
plus Tc-99m teboroxime study, the agreement for detect- 
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FIGURE 3. A, Thallium-201 exercise (top) and redistribution 
(bottom) images in the anterior, 30° left anterior oblique and 
60° left anterior oblique views in a patient with 99% stenosis 


of the left anterior descending coronary artery. is de- 
creased perfusion of the anteroseptum and apex with partial 
redistribution at 4 hours. B, Technetium-99m teboroxime ex- 
ercise (top) and rest (bottom) images of the same patient 
showing a comparable anteroapical defect, which partially fills 
in on reinjection. Hepatic activity on the steep oblique view ob- 
scures the inferoapical segment on the exercise image and the 
anteroapical and inferoapical on the rest image. 
(Reproduced with permission from J Nucl Med.*) 
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FIGURE 4. Technetium-99m teboroxime exercisesfop) and 
rest (bottom) planar i images acquired with rapid imaging se- 
quence (40 seconds/image) on large field-of-view camera 


shpwipg prominent apical cleft. Coronary angiography showed 
insi coronary artery disease. Study performed by Ray 
Bellinger, MD, Travis Air Force Base, CSlifornia. ANT = an- 
terior; LAO = left anterior oblique. 


@ 

ing CAD was 76% and was not different from the agree- 
ment between coronary angiography and TI-201 scintig- 
raphy (80%). For the 115 patients who underwent Tc- 
99m teboroxime and Tl-201 scintigraphy, the agreement 
between the 2 imaging modalities was 90%. The overall 
sensitivity and specificityfor blinded reading were 82 and 
91%, respectively, when ‘Compared against overall clinical 
impression. 


STUDIES IN PROGRESS | 

Because of the unique pharmacokinetic properties of 
Tc-99m teboroxime, several clinical applications are be- 
ing pursued that take the aforementioned standard imag- 
ing protocols 1 step further. Tc-99m teboroxime is a 
neutral, lipophilic agent with rapid myocardial washout. 
The removal rate of a neutral lipophilic agent that freely 
enters and leaves a myocardial cell should be related to 
capillary blood flow. Tc-99m teboroxime thus bears simi- 
lafities to xenon-133, the inert gas that was injected into 
the coronary arteries to quantitate regional myocardial 
blood flow from initial washout using the Schmidt-Kety 
formula and a multicrystal scintillation camera.!° Differ- 
ences in regional Tc-99m teboroxime washout may be 
used to estimate regional differences in myocardial blood 
flow. To overcome curve contamination by residual blood 
pool activity and overlap of coronary vascular beds in any 
single planar projection, SPECT acquisition is preferable 
for this application. Drane and co-workers!! are perform- 
ing dynamic SPECT imaging with Tc-99m teboroxime 
and a 3-headed SPECT camera. These investigators ac- 
quire ten 2-minute sequential SPECT acquisitions. In 
addition to measuring regional washout, they compare 
the initial scans to normalized scans acquired at 18 to 20 
minutes after injection to determine redistribution. This 
redistribution is actually differential washout due to the 
slower clearing of activity from myocardium in the distri- 
bution of stenosed arteries compared to clearance from 
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myocardium in the distribution of normal arteries. Their 
initial results suggest that abnormal] washout in the distri- 
bution of stenosed vessels can be detected after a single 
Tc-99m teboroxime injection with dynamic SPECT im- 
aging using a 3-headed SPECT camera.!! 

The rapid bolus injection of Tc-99m pertechnetate 
and a multicrystal scintillation camera have been the 
major components of the first-pass technique for mea- 
surement of left and right ventricular ejection fractions. 
There is an extensive collection of published studies that 
apply this technique to rest and bicycle exercise studies in 
patients with valvular disease and CAD. The best data 
supporting the clinical usefulness of exercise first-pass 
scintigraphy comes from the Duke database and the work 
of Robert Jones. These investigators found that the exer- 
cise left ventricular ejection fraction was the most impor- 
tant single independent predictor of mortality in coronary 
disease.'? A newer model of a high count rate, portable 
multicrystal scintillation camera is now available (SIM- 
400, Scinticor). This camera, which has a very small field 
of view, can be used with treadmill exercise. Johnson, 
Seldin and co-workers developed a protocol using Tc- 
99m teboroxime and the portable high count rate camera 
equipped with a |-inch collimator to maximize resolution 
and a motion correction program developed by Port and 
colleagues.'? Before exercise, a low-energy radioactive 
source is fastened on the skin over the sternum. The 
patient runs on the treadmill with the chest positioned 
several inches in front of the camera detector and is 
injected with 15 mCi of Tc-99m teboroxime as a bolus at 
peak exercise. Dynamic dual isotope imaging is acquired 
for 50 seconds, the treadmill is slowed and the patient is 
seated next to the treadmill. Three planar images using 
only the technetium window are acquired within 4 min- 
utes. The low-energy source is used to correct the dynam- 
ic first-pass data for patient motion. The potential draw- 
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FIGURE 5. Technetium-99m teboroxime stress (top) and rest 
(bottom) single photon emission computed tomography recon- 
structions acquired as a 6-minute 180° rotation on standard 
single-head rotating gamma camera. Anteroseptal and infero- 
basal defects show almost complete fill-in on resting scans. 
Study performed by David Yuille, St Luke’s Medical Center, 
Milwaukee, Wisconsin. 


» back to this technique is the limited resolution of the high 


count rate camera (equivalent to a 40 X 40 matrix on an 
SFOV Anger camera) (Fig. 6). Small defects may be 
missed, but this deficit may be balanced by the additional 
diagnostic information added by the left ventricular ejec- 
tion fraction numbers. The entire stress and rest proce- 
dure with 2 sets of planar images and ventricular func- 
tional data can be obtained within | hour. 


SUMMARY 

Tc-99m teboroxime is a technetium-based myocardial 
perfusion imaging agent. It is one of the BATO com- 
pounds, which are neutral and lipophilic. Its pharmacoki- 
netics are very different from those of Tc-99m sestamibi, 
a cationic technetium-based myocardial perfusion agent. 
The myocardial extraction for Tc-99m sestamibi is less 
than that for Tl-201, whereas the myocardial extraction 
for Tc-99m teboroxime is greater than that for T]-201. 
Tc-99m sestamibi has very slow myocardial washout and 
negligible redistribution, whereas Tc-99m teboroxime 
has rapid myocardial washout, with differential washout 
rates in the distribution of stenotic and normal vessels, 
leading to apparent “redistribution” soon after injection. 
The first half-life for the myocardium is 11 minutes. As 
Tc-99m teboroxime is washing out of the heart, hepatic 
uptake occurs, peaking at 4.5 to 7.0 minutes. The combi- 
nation of rapid myocardial washout and early hepatic 
uptake has necessitated developing rapid imaging proto- 
cols. Protocols using standard Anger cameras and 40- to 
60-second planar acquisitions or 180° rotational SPECT 
and 10-minute acquisitions beginning within 2 minutes of 
injection have minimized interference from hepatic up- 
take, while yielding high counts over the myocardium. 
The sensitivity and specificity for detecting CAD or iden- 
tifying abnormal vessels are comparable to those with Tl- 
201, Stress and rest studies can be performed within 1 
hour. Although good images can be acquired using stan- 
dard cameras, cameras with rapid counting or imaging 
capabilities are uniquely suited for this agent. A 3-headed 
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FIGURE 6. Exercise thallium-201 (TI-201) planar images 
(top) and technetium-99m teboroxime planar images (bottom) 
showing posterolateral defect in a patient with an old postero- 
lateral infarct. Acquired with rapid imaging sequence (30 sec- 
onds/image) on SIM-400 multicrystal camera. ANT = anterior; 
LAO = left anterior oblique; ex = exercise. 


SPECT camera with rapid acquisition and the Scinticor 
SIM-400, a portable high count rate camera, are well 
suited to imaging Tc-99m teboroxime. The SIM-400 
gives ejection fraction data as well as perfusion imaging, 
but the image quality of the latter may be limited by the 
poorer resolution of a multicrystal camera. 

Although both Tc-99m sestamibi and Tc-99m tebor- 
oxime will probably compete with each other and with Tl- 
201 in stress/rest (redistribution) perfusion imaging, the 
very different pharmacokinetics of the 2 technetium per- 
fusion imaging agents present a definite choice to nuclear 
imaging laboratories. A complege diagnostic study in- 
cluding stress and rest ejection fraction performed in 1 
hour, compared to 5 hours for T]-201 stress and redistri- 
bution, will probably find high patient approval. Labora- 
tories must, however, be set up*for rapid patient move- 
ment between treadmill and camera. Alternatively, phar- 
macologic stress with intravenous dipyridamele or 
adenosine can be administered while the patient is lying 
under the camera, obviating the need to move the patient 
and potentially shortening pharmacologic stress/perfu- 
sion imaging studies.*Both e'c-99m teboroxime and Tc- 
99m sestamibi offer the opportunity to acquire function 
and regional perfusion data in a single procedure, which 
will add important diagnostic and prognostic information 
to the study. 
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New radiopharmaceuticals permit simultaneous as- 


sessment of myocardial perfusion and left ventricu- 
lar function using a single tracer injection. The pur- 
pose of this study was to quantitate the relation be- 
twee myocardial perfusion and function at rest 
and during exercise in patients with documented 
coronary artery disease (CAD). A rest first-pass ra- 
dionuclide angiocardiogram (RNA) was recorded in 
51 patients with CAD durfng injection of 10 mCi of 
technetium-99m (Tc-99m) sestamibi, and tomo- 
graphic perfusion images were obtained 60 min- 
utes later. A treadmill test was then performed, 
and on attainment of an exercise end point a sec- 
ond first-pass RNA was recorded with 30 mCi of 
Tc-99m sestamibi. Tomographic images reflecting 
myocardial perfusion during exercise were obtained 
1 hour later. Tomographic perfusion defect size, 
quantified using modifications of the Cedars-Sinai 
program, correlated directly with end-systolic vol- 
ume and inversely with ejection fraction at rest and 
during exercise. However, perfusion defect size of- 
ten varied widely in patients with similar left ven- 
tricular function. This independence between mea- 
surements of perfusion and function suggests that 
simultaneous assessment of the 2 physiologic vari- 
ables could improve the diagnostic and prognostic 
information of radionuclide tests. 

(Am J Cardiol 1990;66:68E-—71E) 
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measurement of myocardial perfusion and left ven- 

tricular function to be useful for determining prog- 
nosis in patients with coronary artery disease (CAD)! 
The development of technetium-99m (Tc-99m)-labeled 
radiopharmaceuticals with high myocardial extraction 
permits simultaneous measurement of myocardial perfu- 
sion and left ventricular function (as well as exercise 
electrocardiography) during a single period of exercise.” 
This approach to evaluation of patients with CAD, which 
provides information equivalent to that formerly requir- 
ing 2 separate studies, facilitates assessment of the inde- 
pendence and relative importance of electrocardiograph- 
ic, myocardial perfusion and left ventricular function 
variables. The purpose of this investigation was to docu- 
ment the degree of concordance of global measurements 
of myocardial perfusion and left ventricular function us- 
ing a single injection of Tc-99m sestamibi during tread- 
mill exercise in patients with CAD. 


P= studies have documented radionuclide 


METHODS 

Study population: We prospectively studied 51 pa- 
tients with documented CAD. These 40 men and 11 
women had a mean age of 59 years (range 35 to 77). 
Percutaneous transluminal coronary angioplasty had 
been performed 6 months earlier in 45 patients, and 1 
patient had undergone coronary artery bypass grafting. 
Coronary angiography was performed within 3 months of 
the study in all but 1 patient. Cardiac medication taken at 
the time of the radionuclide angiocardiogram (RNA) 
included calcium antagonists in 39 patients, nitrates in 12 
patients, -adrenergic blockers in 5 patients and digitalis 
in 2 patients. Myocardial infarction defined by typical 
pain associated with evolutionary electrocardiographic 
and enzymatic abnormality (creatine kinase—MB > 12) 
had been documented at some time before study in 32 of 
the 51 patients. The heterogeneous composition of the 
study, population permitted evaluation of the relation of 
myocardial perfusion and left ventricular function over a 
wide spectrum of severity of ischemic manifestations of 
coronary artery disease. 

Study plan: A rest first-pass RNA was recorded using 
a bolus injection of 10 mCi of Tc-99m sestamibi. Single 
photon emission computed tomographic (SPECT) im- 
ages were obtained with patients supine 1 hour later. 
Subsequently, patients performed treadmill exercise us- 
ing the Bruce protocol. When patients attained an exer- 
cise end point (85% of age-predicted maximal heart rate, 


severe fatigue, angina, arrhythmias or dysfunction), a 
treadmill exercise first-pass RNA was recorded using a 
rapid bolus injection of 30 mCi of Tc-99m sestamibi. 
Exercise was terminated 1 minute after injection, and 
SPECT imaging began | hour after the second injection. 
The total rest and exercise evaluation was completed 
within a single 4-hour interval. 

Radionuclide angiocardiogram: RNAs were ac- 
quired in the anterior projection at 20-ms intervals using 
a portable multicrystal gamma camera (Scinticor, Inc.). 
The total acquisition time was 24 seconds. Data from 20 
X 20 count matrices were processed to yield standard 
descriptors of left ventricular function using commercial 
software similar to that developed and validated at this 
institution.’ The histogram of left ventricular counts as a 
function of time was used to identify times of end diastole 
and end systole of all cardiac cycles for which count 
activity was at least 70% of that of the maximum beat. 
Data from beats selected for processing (range 4 to 10 
beats) were compiled into a single representative cardiac 
cycle. Left ventricular ejection fraction was calculated 
from the counts change of the background-corrected rep- 
resentative cycle. The left ventricular end-diastolic vol- 
ume was calculated by the area-length method of Dodge 
et al. The count-derived ejection fraction and image- 
derived end-diastolic volume were used to calculate the 
stroke volume and end-systolic volume. 

Motion correction was performed as follows: move- 
ment of a low-energy 8-mCi I-125 point source affixed to 
the skin was used to track chest motion in each frame of 
data. Computer repositioning of data frames so that the 
point source was fixed eliminated blurring of cardiac 
images due to patient motion during exercise. This ap- 
proach made treadmill exercise feasible, and the results 
of the treadmill examination could be reported in concert 
with those of the myocardial scintigram and RNA. 

Single photon emission computed tomography stud- 
ies: Perfusion imaging was performed using a rotating 
gamma camera (Siemens Orbiter) fitted with a low-ener- 
gy, all-purpose collimator and interfaced to a computer 
(Medasys Paragon). SPECT acquisition was performed 
with a 15% energy window using 64 imaging stops of 30 
seconds duration through a 180° arc from the 45° right 
anterior oblique to the 45° left posterior oblique position. 
Images were stored on a floppy disk in a 64 X 64 matrix 
for subsequent analysis. Prefiltered images were transax- 
ially reconstructed using a standard back-projection tech- 
nique with a Butterworth filter (order 5 and 20% cutoff). 
Correction for field nonuniformities and center of rota- 
tion was applied. Reconstructed tomographic slices with 
6-mm thickness were reoriented in the short and vértical 
long axes and displayed on a color monitor for visual 
interpretation. + 

Computer quantification of perfusion defect: Tc-99m 
sestamibi tomograms were quantified using modification 
of the Cedars-Sinai computerized 2-dimensional polar 
maps.° Slices for quantification were selected as de- 
scribed for the Cedars-Sinai thallium-201 SPECT meth- 
od.° The center of the left ventricle and alignment points 
were defined from the short- and vertical long-axis slices. 
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FIGURE 1. Comparison of end-sy volume at rest and ex- 
ercise with percent of myocardium perfusion defect by 
single photon emission computed tomography. 


The distribution of ape ne determined far each 
tomographic slice ysing a circumferential profile tech- 
nique. The pixel with the highest count over each radius 
was plotted, and the normalized short-axis circumferen- 
tial profiles were thet colog-coded and displayed as con- 
centric rings from cardiac apex to base. Apical count 
profiles were derived from the vertical long-axis slices. 
The resulting quantitative polar maps from each rest and 
exercise study of each patient were compared with rest 
and exercise polar maps obtained from 23 normal sub- 
jects who met criteria for a 45% likelihood of having 
CAD, exclusive of the results of the scintigraphic vari- 
ables.” Any region on a patient study with counts below 
those observed in the corresponding region in any of the 
normal subject studies was defined as a perfusion defect. 
The percent of the total regions within the polar map with 
perfusion less than normal was defined as the total perfu- 
sion defect of the left ventricle. The percent perfusion 
defect was correlated to the end-systolic volume and ejec- 
tion fraction by least square regression analysis. 


RESULTS 

Electrocardiographic, perfusion and function data of 
good quality were obtained at rest and exercise within 4 4- 
hour total study interval in all patients. The percent of the 
left ventricle involved with some perfusion defect ranged 
from 0 to 76% at rest and from 0 to 72% during exercise. 
Therefore, the population studied provided a full spec- 
trum of patients with ischemia and infarction to compare 
the relation between perfusion and function. End-systolic 
volume and ejection fraction are the 2 descriptors of 
global left ventricular function obtained by RNA that 
relate best to the contractile state of the heart. Therefore, 
these variables measured at rest and exercise were corre- 
lated to the percent of the ventricle demonstrating a per- 
fusion defect on quantitative SPECT images. 

In the group of 51 patients, the resting end-systolic 
volume ranged from 11 to 229 ml, and the exercise end- 
systolic volume ranged from 21 to 263 ml. A linear corre- 
lation was observed between the end-systolic volume and 
the percent perfusion defect both at rest and during exer- 
cise (Fig. 1). Patients with the largest end-systolic vol- 
umes were those with the greatest percent of the ventricle 
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FIGURE 2. Comparison of left ventricular ejection fraction at 
rest and exercise withNpercent of myocardium with perfusion 
defect by single irs aera computed tomography. 


demonstrating decreased perfusion. The resting ejection 
fraction ranged fromy0.14 to 0.85, and exercise ejection 
fragtion ranged from 0.12 to 0.85. The ejection fraction 
on both studies correlated inversely with the total perfu- 
sion defect (Fig. 2). All but 1 patient with resting ejection 
fractions <0.50 had a rest perfusion defect involving at 
least 20% of the myocardjum. ° 

Individual data illustrate the range of perfusion de- 
fects apparent among patients with similar exercise left 
ventricular function (Fig. 3). In these 6 patients, the 
exercise left ventricular ejection fraction ranged from 
0.46 to 0.54, which is within the range of reproducibility 
of this measurement. Mowever, the percent of myocardi- 
um involved with a perfusion defect ranged from 0 to 38% 
in these 6 patients. 


DISCUSSION ù 

Radionuclide techniques measuring ventricular func- 
tion and myocardial perfusion reflect similar biologic pro- 
cesses because of the close link between myocardial integ- 
rity and blood flow. Myocardial infarction with subse- 
quent fibrosis decreases resting left ventricular function 
and results in a resting perfusion defect because of loss of 
myocardial mass and the lower tissue blood flow to fibrot- 
ic myocardium. Although myocardial ischemia may oc- 
Cur silently and at rest, it is most consistently evoked by 
increased myocardial work during exercise. The appear- 
ance of worsening perfusion defects on myocardial scin- 
tigraphy, or the development of regional or global dys- 
function on RNA, reflects myocardial ischemia. 

Measurements of both myocardial perfusion and left 
ventricular function have been shown to relate to progno- 
sis in patients with CAD. Myocardial scintigraphic vari- 
ables that provide the greatest prognostic information are 
those that reflect both the extent and severity of perfusion 
abnormalities.’ In more than 2,000 patients at Duke Uni- 
versity Medical Center followed for up to 10 years after 
RNA, the exercise ejection fraction was the single most 
important escriptor of left ventricular function relating 
to prognosis.* This single variable contained more prog- 
nostic information than any cardiac catheterization vari- 
able and accounted for 80% of the prognostic information 
of the radionuclide study. An exercise ejection fraction 
20.50 was associated with a low incidence of cardiac 
event or death. 
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Prognostic evaluation has not been reported in a lar 
series of patients assessed by both myocardial scintig1 
phy and measurements of cardiac function. A degree 
redundancy of information is assured by the demo 
strated correlation between perfusion and function. The 
variables are interrelated but not identical, and diffe 
ences might provide independent prognostic informatic 
Myocardial scintigraphy excels in defining the relati 
distribution but not the total myocardial flow. Therefor 
localized severe blood flow depression causes a more a 
parent perfusion test abnormality than the same tot 
flow deficit spread diffusely throughout the left ventric! 
especially in concert with scattered myocardial fibros 
In contrast, the severity of global left ventricular dysfun 
tion during exercise appears to relate to the total magr 
tude of ischemic and fibrotic impairment of the ventric 
with minimal differentiation between the 2 abnorma 
ties. The degree to which differences observed in me 
surements of myocardial perfusion and left ventricul: 
function in an individual patient might aid clinical ma 
agement has remained an important question. The intr 
duction of Tc-99m sestamibi now makes feasible simult: 
neous assessment of myocardial perfusion and left ve 
tricular function. The purpose of the present study was ' 





FIGURE 3. Individual tomographic polar map images in 6 pa- 
tients with similar left ventricular ejection fractions. EF = ejec 
tion fraction; PTCA = percutaneous transluminal coronary an 


gioplasty; RNA = radionuclide angiocardiogram. 


use this new technology to define the range of difference 
and agreement between these 2 variables. 

First-pass RNA was used to measure left ventricular 
function during Tc-99m sestamibi injection. A multicrys- 
tal gamma camera provided an adequate count rate to 
permit the 2 injections necessary for a rest and exercise 
determination of ejection fraction on the same day. The 
count rate capability of the most sensitive single crystal 
camera is about 50% that of the multicrystal camera. To 
perform rest and exercise studies of adequate data density 
using single crystal cameras, a larger amount of radioac- 
tivity is required than with the multiple crystal camera. 
This results in a larger radiation dose for the patient and 
is not likely to allow performance of rest and exercise 
studies on the same day.’ A same-day protocol performed 
using 10 mCi of Tc-99m sestamibi for the rest study and 
30 mCi for the exercise study represents an important 
logistic advantage in many clinical situations. An added 
advantage of the Scinticor multicrystal camera is that 
simultaneous dual energy acquisition permits correction 
of data for patient motion during exercise. Therefore, a 
single study period requiring <4 hours results in simulta- 
neous measurements of the electrocardiogram and myo- 
cardial perfusion and function at rest and during exercise. 

Results of the present study define a strong group 
relation between measurements of perfusion defect and 
global left ventricular function. The quantitative Cedars- 
Sinai SPECT algorithm used in this study indexes the 
extent of perfusion defect as a percent of the left ventricu- 
lar image. However, the current program does not permit 
assessment of the severity of this abnormality. Moreover, 
this software does not quantify much of the base of the 
heart because of difficulties in adjustment for variable 
attenuation in this region. Elimination of regions at the 
base of the heart artificially elevates the calculated per- 
cent of perfusion defect relative to the actual left ventri- 
cle. Despite these approximations and limitations, this 
single perfusion variable related well to the ejection frac- 
tion and end-systolic volume measurements both at rest 
and during exercise. This relation documents the expect- 
ed interdependence of myocardial perfusion and function 
and provides credibility for the two approaches of mea- 
surement. Although this relationship is encouraging, the 
assessment of left ventricular ejection fraction during 
treadmill exercise is new, and its accuracy requires fur- 
ther validation. 

Agreement within the entire group appeared strongest 
in the midranges of abnormalities. However, sufficient 
individual variation was apparent to justify further inves- 
tigation to document the relative diagnostic and prognos- 

e 


tic information reflected by these observed differences. 
Patients with near-normal perfusion and function and 
those with severe abnormalities tend to show more dis- 
crepancies between individual measurements of perfusion 
and function. It seems reasonable to assume that patients 
with normal assessments by all test variables can be re- 
garded as having minimal or no CAD. Patients with 
severe exercise-induced abnormalities on both perfusion 
and function tests would be those with very severe disease, 
and these results might indicate potential benefit from 
interventional therapy. However, discrepancies in abnor- 
malities in perfusion and functiogømight also aid patient 
management. For example, patients with an exercise left 
ventricular ejection fraction of O%0 are known to be in a 
gray zone as far as management is concerned. These 
patients potentially can be treated as safely on a medical 
regimen as by interventional therapy. Further observa- 
tions in this subgroup of patients may identify evhich 
specific treatment leads to better clinical results. 
Results of this investigation suggest that it will be 
important to document the amount of variability between 
measurement of perfusion and function due to inaccuracy 
of methodology, as well as that which represents differ- 
ences in biologic processes in individual patients. More 
precise definition of the relative importance of variables, 
or specific combinations of variables, that predict the 
occurrence of untoward ischemic events could greatly 
enhance the management of patients with CAD. 
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This report reviews the applications of tomographic 
imaging with current and new tracers in assessing 
myocardial perfusion and viability. Multiple studies 
with thallium-201 (T1201) single photon emission 
computed tomography (SPECT) imaging for the de- 
tection of coronary artery diseasee(CAD) have dem- 
onstrated high sensitivity, high rates of normalcy 
and high reproducibility. In assessing viability, 
fixed defects are frequently detetted in viable zones 
in 4-hour studies with TI-201 imaging. Redistribu- 
tion imaging performed 18 to 72 hours after injec- 
tion or reinjection of TI-201 before 4-hour redistri- 
bution imaging has been shown to improve accura- 
cy of viability assessment. TI-201 SPECT studies 
are limited by the suboptimal physical properties of 
TI-201, which result in variable image quality. The 
2 new technetium-99m (Tc-99m) — labeled myocar- 
dial perfusion tracers offer the ability to inject 
much higher amounts of radioactivity, making it 
possible to assess ventricular function as well as 
myocardial perfusion from the same injection of ra- 
diotracer. Tc-99m sestamibi has very slow myocar- 
dial clearance, which allows for prolonged imaging 
time and results in image quality superior to that 
obtained with TI-201 and Tc-99m teboroxime. The 
combination of minimal redistribution of Tc-99m 
sestamibi and high count rates makes gated SPECT 
imaging feasible, and also permits assessment of 
patients with acute ischemic syndromes by uncou- 
pling the time of injection from the time of imaging. 
The combination of high image quality and first- 
pass exercise capabilities may lead to a choice of 
this agent over TI-201 for assessment of chronic 
CAD. Tc-99m teboroxime is efficiently extracted by 
the myocardium in proportion to myocardial perfu- 
sion even at extremely high flow rates; however, 
this tracer demonstrates rapid myocardial washout, 
necessitating the completion of images very quickly 
after injection and generally resulting in suboptimal 
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image quality. Positron emission tomography (PET) 
has been applied with both rest and stress myocar- 
dial perfusion studies using rubidium-82, which has 
recently become commercially available, or nitro- 
gen-13 ammonia. Although PET is clearly estab- 
lished as highly accurate for noninvasive detection 
of CAD, there are still divergent views as to wheth- 
er PET is more accurate than TI-201 SPECT for 
these studies. No direct comparisons have been 
made with attenuation-corrected TI-201 SPECT or 
with the newer Tc-99m myocardial perfusion imag- 
ing agents. With respect to myocardial viability, 
studies using PET with fluorine-18 fluorodeoxyglu- 
cose remain the “‘gold standard.” The principal lim- 
itations of this approach are the high costs of 
equipment and radiopharmaceuticals. The availabil- 
ity of multiple excellent agents for the scintigraphic 
assessment of myocardial perfusion is likely to 
greatly expand the use of nuclear cardiology tech- 
niques and to result in the ability to choose a par- 
ticular agent to fit a given clinical situation. 

(Am J Cardiol 1990;66:72E-79E) 


wide variety of radiopharmaceuticals will soon 
be available for the assessment of myocardial per- 


fusion and viability. We present a clinical over- 
view of the usefulness and limitations of the individual 
tracer approaches. Since single photon emission comput- 
ed tomography (SPECT) has been shown to be more 
accurate than planar imaging for assessment of disease 
localization and extent,!-3 comments with respect to thal- 
lium-201 (TI-201) and the technetium-99m (Tc-99m) 
agents will be limited to assessment by SPECT. It must 
be noted from the outset, however, that SPECT is far 
more technically demanding than planar imaging and 
has many more sources for artifacts that can result in 
false-positive studies. The discussion in the current review 
assurfes careful attention to issues of SPECT quality 
control. 
THALLIUM-201 TOMOGRAPHY 
Tl-201 SPECT has matured as a noninvasive method 
for assessment of both myocardial perfusion and viability 
(Table I). With respect to myocardial perfusion, its appli- 
cation has been validated both with exercise and dipyrid- 
amole studies as accurate for detecting, localizing and 
evaluating the extent and severity of coronary artery dis- 
ease (CAD). Techniques for quantitatively analyzing Tl- 
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TABLE I Thallium-201 Single Photon Emission Computed 
Tomography 


Perfusion 
High sensitivity for coronary artery disease 
High normalcy rate 
High reproducibility 
Viability 
4-hour fixed defects frequently viable 
Late imaging (18-72 hours) or reinjection improves 
viability assessment 
Limitations 
Suboptimal physical properties result in variable image quality 

















201 SPECT have been developed and validated and are 
widely available. These techniques have demonstrated 
both excellent transportability between centers‘ and high 
reproducibility.” With respect to detection of CAD de- 
fined by angiographic stenoses of > 50% luminal narrow- 
ing, published reports with quantitative analysis indicate 
a sensitivity of approximately 94%, a normalcy rate (fre- 
quency of the test being normal in patients with a low 
likelihood of CAD) of 82% and a specificity of between 
50 and 90%*°° (Table II). In this context, the term 
normalcy rate is used to distinguish patients deemed to be 
normal by pre-Tl-201 likelihood of disease from those 
called normal on the basis of coronary angiography. The 
low specificity of Tl-201 SPECT in some reports is likely 
the result of a posttest referral bias described by our 
group in which positive test responders are preferentially 
referred for catheterization.!° This effect markedly re- 
duces specificity and slightly increases sensitivity.4 With 
current techniques it is estimated that the true sensitivity 
and specificity of Tl-201 SPECT are likely to be approxi- 
mately 90 and 82%, respectively. 

With time, the normalcy rate of Tl-201 SPECT may 
become higher than the currently reported 82%. Increas- 
ing knowledge of sources of technical artifacts such as 
patient motion!! and “upward creep”! will decrease the 
frequency of false-positive studies. In addition, prone im- 
aging has recently been demonstrated to markedly reduce 
attenuation artifacts in the inferior wall and basal septum 
that were frequent sources of false-positive studies. !3-!5 
In the absence of a special imaging table with a cardiac 
“cutout,”!> however, this position has been reported to 
result in artifactual defects in the anterior wall.!® 

The principal limitation of Tl-201 scintigraphy for 
assessment of myocardial perfusion relates to the subopti- 
mal physical properties of the radionuclide with its lower- 
than-ideal photon energy (68 to 83 keV) and long half- 
life (73 hours). The low energy results in increased atten- 
uation and scatter compared to that seen With 
technetium-99m agents. The long half-life also places a 
limitation on the injected dose relative to the dose ®f 
technetium-99m that could be used. These factors neces- 
sitate prolonged imaging intervals and result in less than 
ideal image count density. Image quality with Tl-201 
SPECT is dependent on a variety of technical factors, a 
principal one of which is count density. Although many 
centers are clearly producing routine SPECT TIl-201 
studies of good to excellent image quality, this quality 
appears to be highly variable, particularly in centers per- 


TABLE Il Sensitivity and Specificity of Quantitative T1-201 by SPECT Imaging 


Normalcy 
Rate 


99% 


® 
° (103/137) 


75% 


91% 


81% 


87% 


Mahmarian 


(453/485) 


92% 


(242/313) 


91% 


(145/147) 


91% 


94% 


(130/142) (60/78) (178/196) 


(79/98) 


(65/75) 


91% 


(192/221) 


98% 
(80/82) 


95% 


et al? 


Tamaki 
et al® 


DePasquale 


(313/352) 


(219/278) 


77% 


(126/132) 


(51/78) è 


(95/114) 


(170/179) 


94% 


et al® 
Van Train 


(299 /386) 


) 


(118/141) (63/101) 


(98/145) 


(115/148) 


78% 


(184/196) 


95% 


et al* 
Maddahi 


- 80% 


(87/123) 


84% 


(1,227 /1,468) 


(165/207) 


80% 


(1,056 /1,328) 


(350/424) 


83% 
(386 /482) 


right coronary artery; Sens 


80% 


(24/28) 
(86/104) 


83% 


(10/18) 


72% 
(138/192) 


left circumflex; RCA 


(87/92) 


93% 
(7139770) 


left anterior descending; LCX 


et al’ 


Total 


single photon emission computed tomography; T1-201 = thallium-201. 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE Ill Technetium-99m Sestamibi 





Perfusion 
High sensitivity for CAD 
High normalcy rate 
Possibly more accurate for CAD than T1-201 
High resolution images 
Gated SPECT feasible 
Useful in acute ischemic syndromes (uncoupling of injection 
and imaging) 
Function 
First-pass rest or exercise ventricular function with perfusion study 
Viability ° 
High correlation withe 201 redistribution 
Limitations 
Differentiation of restingf&chemia from infarction 


CAD = coronary artery disease; other abbreviations as in Table Il. 


forming a relatively lo volume of studies. In addition, 
the physical properties of Tl-201 make it particularly 
limited with respect to image quality in obese patients or 
patients with large breasts. Furthermore, application of 
TI-201 SPECT in acute ischemic syndromes is limited, 
since Tl-201 redistributes igto artas of ischemia, thus 
necessitating imaging very soon after injection if the aim 
is to assess the extent, severity and location of hypoperfu- 
sion in the myocardium. 

With respect to assessment of myocardial viability, 
reversible defects are highly predictive of viable myocar- 
dium.!’ Defects that are aonreversible at 4-hour imaging, 
however, frequently are viable as assessed by postopera- 
tive improvement in Tl-201 uptake or positron emission 
tomographic (PET) patterns.'’?! Late redistribution im- 
aging (18 to 72 hours after injection) substantially im- 
proves the ability of Tl-201 to predict myocardial viabili- 
ty.!7-18 These late reversible defects have been reported to 
be frequent, occurring in approximately 50% of patients 
and 20% of segments with fixed defects at 4 hours.” 
However, a significant proportion of defects that are non- 
reversible at 24 hours (37% in our recent study!’) still 
demonstrate improvement after successful revasculariza- 
tion. Preliminary data have suggested that a modification 
of the standard TI-201 injection protocol may further 


improve the ability of this tracer to predict myocardial 
viability. Dilsizian and associates*>** have demonstrated 
that a resting reinjection protocol improves the assess- 
ment of myocardial viability when 4-hour nonreversible 
defects are noted. In this setting, improvement of Tl-201 
defects after reinjection of 1 mCi of Tl-201 has been 
shown to be predictive of improvement in asynergy after 
revascularization2? and of myocardial viability using 
fluorodeoxyglucese and PET.” 


TECHNETIUM-99m IMAGING AGENTS 

The Tc-99m agents Tc-99m sestamibi and Tc-99m 
teboroxime are likely to be approved for clinical use by 
the Food and Drug Administration in 1990 for assess- 
ment of myocardial perfusion. Both agents have a clear 
advantage over Tl-201 because Tc-99m has physical 
characteristics ideal for gamma camera imaging. The 
favorable radiation dosimetry with Tc-99m-based radio- 
pharmaceuticals allows injection of much larger amounts 
of radioactivity than is possible with Tl-201, making it 
possible to perform first-pass exercise studies of ventricu- 
lar function followed by myocardial perfusion imaging 
using a single tracer injection. The 2 Tc-99m agents, 
however, have clearly different physiologic characteris- 
tics, resulting in differing properties with respect to as- 
sessment of myocardial perfusion and viability. 


TECHNETIUM-99m SESTAMIBI 

Tc-99m sestamibi has physiologic characteristics that 
allow for high resolution myocardial perfusion imaging 
(Table III). Although the extraction fraction of Tc-99m 
sestamibi is lower than that of TI-201, the uptake of the 
former is parallel to that observed with T1-201 in the flow 
ranges associated with rest and exercise.’ ?$ The myocar- 
dial residence time is longer with Tc-99m sestamibi, 
which has a myocardial clearance half-time of approxi- 
mately 5 hours.2°7 There is also a more prompt hepato- 
biliary excretion (half-time approximately 30 minutes)* 
than with Tc-99m teboroxime, so that there is little inter- 
ference of hepatic uptake with visualization of the inferior 
left ventricular wall with Tc-99m sestamibi. The long 


TABLE IV Sensitivity and Specificity of T1-201 and Tc-99m Sestamibi by SPECT Imaging for CAD* 


Sensitivity (%) 


EEE 


Overall Individual Vessel 


Tc-MIBI Tc-MIBI T1-201 


27/35 
(77) 
45/75 
(60) 
Iskandrian et al?6 — 


Kiat et al?4 


Kahn et al?5 
+ 


72/110 
(66) 


Total 


* >50% stenosis considered significant CAD. 


Specificity (%) 


Overall 


S 


Normal Arteriogram 


Low Likelihood Individual Vessel 


Tc-MIBI T1-201 Tc-MIBI T1-201 Tc-MIBI T1-201 


17/17 
(100) 


13/17 
(77) 


Low likelihood = patients with <5% likelihood of CAD; normal arteriogram = patients with normal coronary arteriogram, Tc-MIBI = technetium-99m sestamibi; other abbreviations 


as in Tables Il and Ill. 
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half-time for myocardial clearance allows imaging for 
longer periods than is possible with Tc-99m teboroxime, 
resulting in SPECT images of very high count density. 
These images are thereby of higher resolution than is 
observed with Tl-201 or Tc-99m teboroxime SPECT. In 
addition, the prolonged myocardial steady state in count 
distribution and the higher count rate allow for the per- 
formance of gated SPECT,” which is not feasible with 
Tc-99m teboroxime or T]-201. Minimal redistribution of 
Tc-99m sestamibi allows for an uncoupling of the time of 
injection from the time of imaging. This unique feature 
makes Tc-99m sestamibi the only myocardial perfusion 
tracer well suited to tomographic imaging of patients 
with acute ischemic syndromes, a feature already proven 
important in assessing the effects of thrombolytic thera- 
py?! and in evaluating patients with unstable angina.?2 
This is also the only tracer well suited to assessing inter- 
ventions in the cardiac catheterization laboratory with 
SPECT, again due to the ability to separate the time of 
injection from the time of imaging. This application is 
discussed by Braat et al elsewhere in this supplement.?3 

To date the published reports on SPECT Tc-99m 
sestamibi myocardial imaging have demonstrated very 
high sensitivity, specificity and normalcy rates for overall 
detection of CAD, reported as 90, 93, and 100%, respec- 
tively.°*->° Sensitivity and specificity for individual vessel 
detection of 82 and 77%, respectively, have also been 
observed (Table IV). All of these values are numerically 
higher than those observed in the same patient popula- 
tions with Tl-201 (Table IV); however, the relatively 
small number of patients studied with Tc-99m to date 
does not allow a definitive statement with respect to the 
significance of this trend toward improvement in diagnos- 
tic accuracy. In addition, clear superiority in image quali- 
ty has been reported with Tc-99m sestamibi studies com- 
pared to Tl-201,°° which may explain the apparent im- 
provement in accuracy for CAD detection. The improved 
physical characteristics with respect to attenuation might 
also be part of the explanation for the apparent improve- 
ment in specificity and normalcy rates. The preliminary 
data suggest that Tc-99m sestamibi imaging is likely to 
be as sensitive and specific as PET for assessment of 
myocardial perfusion. The results of the Phase III multi- 
center trial, as presented by Maddahi et al in another 
study in this supplement?’ reporting larger patient num- 
bers from a wide variety of centers, have suggested equal 
sensitivity, specificity and normalcy rates for Tc-99m 
sestamibi and Tl-201 SPECT myocardial perfusion stud- 
ies for detection of CAD. 

The aforementioned information with respect to de- 
tection of CAD has been obtained with protocols* that 
were optimized for Tl-201 imaging (i.e., they used the 
same reconstruction filters and, for the most part, an afl- 
purpose collimator). Recent data have suggested that 
optimization of acquisition parameters (most important- 
ly the use of a high-resolution collimator) and filters 
results in substantial improvement in image quality.38 
Preliminary experience in humans with optimized acqui- 
sition parameters has revealed superior image quality 
compared to that observed in the previous Tc-99m sesta- 





TABLE V Comparison of Type of Defect by Tc-99m 
Sestamibi and T1-201 Myocardial Perfusion SPECT: 
Segmental Analysis 







Tc-99m Sestamibi (%) 






Normal Reversible Nonreversible 









T1-201 
















Normal 1,127 (74) 25(2) 5 (4) 

Reversible 41(3) 87 (6) 11 (1) 

Nonreversible 28(2) 14(1) 182 (12) 
Exact segmental agreement 

Kiat et al34 653/720 (91), 

Iskandrian et al36 743/8007 (93) 

Total 1,396/1,520 (92) 






Tc-99m = technetium-99m: other abbreviations as in Table Il. 





and examples of*its results are resented in this supple- 
ment in the report by Garcia et al.39 Since inconsigtengy 
of image quality is,one of the principal drawbacks of 
myocardial perfusion imaging with Tl-201, it is suspected 
that improved image quality will be one of the principal 
reasons for the preferential yse of Tc-99m sestamibi over 
Tl-201. This improvement in image quality may lead to 
decreased variability in myocardial perfusion imaging 
from center to center and to improved interpreter confi- 
dence. These optimized protocols could also lead to fur- 
ther improvements in sensitivity or specificity, or both, for 
detection of CAD. . 

With respect to the assessment of myocardial viabili- 
ty, published reports to date have demonstrated excellent 
agreement between the type of SPECT defect observed 
by Tl-201 scintigraphy and by Tc-99m sestamibi.3436 
Using a 2-day protocol, exact segmental agreement for 
normal, reversible and nonreversible segments has been 
observed in 92% of 1,520 segments (Table V). Important- 
ly, evidence of nonreversible defects by Tc-99m sestamibi 
has been seen in only 1% of patients with reversible de- 
fects by Tl-201. These comparisons, however, have been 
made only with standard stress-redistribution Tl-201 im- 
aging protocols. It remains to be seen whether late redis- 
tribution Tl-201 protocols!”™!8 or reinjection Tl-201 peo- 
tocols (which take advantage of both T1-201 redistribu- 
tion and the reinjection process)?34 are superior to 
rest-stress Tc-99m sestamibi images for assessment of 
viability. Although not yet explored, fundamental princi- 
ples would suggest that rest-redistribution Tl-201 scintig- 
raphy might be more effective than rest Tc-99m sesta- 
mibi imaging for differentiating segments with resting 
ischemia from infarcted segments. An intriguing possibil- 
ity has been raised of using nitroglycerin before adminis- 
tration of Tc-99m sestamibi when viability is being as- 
sessed in patients with suspected resting ischemia (Galli, 
personal communication). 

One of the principal advantages of both @f the techne- 
tium-99m agents is the ability to perform studies of exer- 
cise ventricular function and myocardial perfusion from 
the same injection of radioactivity. Borges-Neto et al‘ 
have demonstrated the feasibility of this combined perfu- 
sion and function approach using treadmill exercise first- 
pass studies in conjunction with a multicrystal scintilla- 


mibi studie’, The specifics of gen of optimization 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE VI Technetium-99m Teboroxime 





Perfusion 
Very high myocardial extraction 
Rapid myocardial washout 
High throughput feasible 
Function 
First-pass rest or exercise ventricular function with perfusion study 
Viability 
Not adequately studied 
Limitations 
Rapidly changing distribution limits imaging time (suboptimal for 
high-resolution imaging) 
May require multide takor camera and vasodilator (as opposed to 
exercise) for SPECT 


SPECT = single photomemissig computed tomography. 


tion camera. Although Dire was general correlation be- 
tween, ejection fraction at rest and during exercise and the 
respective size of SPECT perfusion dgfects, wide variabil- 
ity in perfusion defect size was seen in patients with mild 
reduction in exercise ventricular function, which suggests 
a degree of independence befweenethese markers.“ The 
details of this combined first-pass and SPECT approach 
are described in the report in this supplement by Jones et 
al.4! We have obtained similar preliminary results using 
essentially the same treadmill exercise first-pass and sim- 
ilar SPECT myocardial perfusion Tc-99m sestamibi pro- 
tocols.42 This approach @ffers promise for providing effi- 
cient and cost-effective information that previously would 
have required the performance of separate ventricular 
function and myocardial perfusion studies. 


TECHNETIUM-99m TEBOROXIME 

This new agent has very high myocardial extraction 
throughout a broad range of flow rates (Table Vi). 
Extraction is higher than observed with techniques using 
Tl-201, Tc-99m sestamibi and PET using rubidium-82 
and nitrogen-13 ammonia. Conceptually, this quality 
could make Tc-99m teboroxime the most sensitive tracer 
for the early detection of CAD when coupled with a 
higkly potent, hyperemic stress. However, the radiophar- 
maceutical also demonstrates rapid washout from the 
myocardium with a clearance half-time from the heart of 
10 to 15 minutes. Imaging with Tc-99m teboroxime must 
thus be completed very rapidly. Prominent liver uptake 
with slow clearance (half-time approximately 1.5 hours) 
can impair visualization of the inferior left ventricular 
wall. Early studies have suggested that differential wash- 
out may occur between normal and abnormal zones.*° 
The advantage of this differential washout is that a very 
early image (possibly between 1 and 4 minutes after 
injection) might be obtained representing the stress myo- 
cardial perfusion distribution, and a delayed image might 
be obtained soon thereafter (approximately 10 to 15 min- 
utes after injection), with viable but ischemic areas dem- 
onstrating slower washout of the tracer. This property, 
theoretically, could result in the equivalent of stress-redis- 
tribution Tl-201 imaging being performed in approxi- 
mately 15 minutes. Alternatively, the rapid myocardial 
washout allows for resting reinjection soon after the com- 
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pletion of the stress images. Although the rapid imaging 
necessitated by the kinetics of this tracer may be feasible 
with planar imaging, such rapid imaging after exercise 
may be difficult using conventional SPECT cameras, 
which even with high count rates would require several 
minutes for data acquisition. In clinical practice, imaging 
in the early postexercise state is typically delayed for 
several minutes due to the necessity for patient monitor- 
ing and to avoid false-positive defects due to “upward 
creep of the heart” observed on very early postexercise 
images.!? If this delay were applied to Tc-99m teborox- 
ime SPECT, data acquisition would begin in the phase in 
which slower washout of Tc-99m teboroxime from isch- 
emic zones may already have obscured stress perfusion 
defects. Tc-99m teboroxime SPECT imaging in the very 
early postinjection state could, however, have interesting 
potential through the combined use of a multidetector 
camera, reducing the SPECT acquisition time, and a 
potent coronary vasodilator such as intravenous adeno- 
sine’? or dipyridamole*®-°° that could be given while the 
patient was in position for imaging within the orbit of the 
SPECT device. An additional limitation of the very rapid 
washout rate from the myocardium is that the absence of 
a prolonged steady state of radioactivity within the myo- 
cardium reduces the total imaging time available, there- 
by resulting in less-than-optimal image quality. Gated 
SPECT would essentially not be feasible with standard 
SPECT instrumentation using this agent. The tracer also 
could not be used conveniently for SPECT in patients 
with acute ischemic syndromes since the SPECT cam- 
eras are rarely near these patients. Using rapid image 
acquisition protocols, however, early data using planar 
acquisition have indicated high sensitivity and specificity 
for CAD with this new agent.>! More details of the effica- 
cy of Tc-99m teboroxime studies, including information 
suggesting that SPECT studies can be performed with 
this agent, are provided in the review by Johnson and 
Seldin*? in this supplement. 

With respect to myocardial viability, the differential 
washout rate observed in normal and ischemic myocardi- 
um raises interesting possibilities for rapid assessment. 
Whether this differential clearance could be used with 
resting injections to distinguish resting hypoperfused but 
viable zones from zones with myocardial infarction has 
not yet been studied. 


TABLE VII Comparison of the Physiologic Properties of 
Tc-99m Sestamibi and Tc-99m Teboroxime 


Tc-99m Sestamibi Tc-99m Teboroxime 


Agent 


Class 
€xtraction fraction (peak) 
Clearance Tj /2 


BATO compound 
0.90 


Isonitrile 
0.65 


10-15 minutes 
90 minutes 


5 hours 
30 minutes 


Heart 
Liver 
Redistribution 
(differential washout) 
Dose | 


Minimal Yes 
30 mCi 30 mCi 


BATO = boronic acid adduct of technetium dioxime; Tc-99m = technetium-99m; 
Ti/2 = halfsife time. 


t LS 
Wis. Ser ite i Da 


The comparative physiologic properties and imaging 
properties of Tc-99m sestamibi and Tc-99m teboroxime 
are listed in Tables VII and VIII. An excellent review of 
the pharmacokinetics of Tc-99m sestamibi, Tc-99m te- 
boroxime and Tl-201 is provided in this supplement by 
Meerdink and Leppo.>? 


POSITRON EMISSION TOMOGRAPHY 

Recent advances in scanners for PET have resulted in 
the clinical availability of systems with high resolution 
(approximately 5 mm) and the ability to image the entire 
heart in 1 view (Table IX). The generator-produced posi- 
tron pharmaceutical rubidium-82 (half-life, 75 seconds) 
has recently been approved by the Food and Drug Ad- 
ministration and allows the performance of PET of perfu- 
sion without requiring a cyclotron. For centers desiring 
the flexibility of imaging multiple types of radiopharma- 
ceuticals, medical cyclotrons that can be housed within 
nuclear medicine departments have been developed. The 
tracer most widely used for the assessment of myocardial 
viability, fluorine-18 fluorodeoxyglucose, has a 110-min- 
ute half-life. This agent can be provided by either an in- 
house cyclotron or by a cyclotron in the general geo- 
graphic region of a given facility. Facilities with cyclo- 
trons most commonly use nitrogen-13 ammonia 
(half-life, 10 minutes) for perfusion imaging. 

With respect to assessment of myocardial perfusion, 
PET has been demonstrated to be highly accurate for the 
detection of CAD.°*->’ Based on available data, however, 
the superiority of PET compared to TI-201 SPECT has 
not yet been established. Demer and associates>* assessed 
dipyridamole PET using coronary flow reserve derived 
from quantitative coronary angiography to determine the 
presence of significant CAD in 193 patients, 69 of whom 
had prior myocardial infarction. If a coronary flow re- 
serve 24 was considered normal, dipyridamole PET had 
a sensitivity of 94% and a specificity of 74% for detecting 
CAD. If a coronary flow reserve =3 was considered nor- 
mal, dipyridamole PET had a sensitivity of 82% and a 
specificity of 95%. These values are strikingly similar to 
those observed with SPECT and planar TI-201 imaging, 
respectively (Fig. 1). Few studies have directly compared 
stress PET and Tl-201 studies in the same patients. Ta- 
maki et al,°> comparing exercise nitrogen-13 ammonia 
PET and Tl-201 SPECT images in the same patients, 
demonstrated no significant difference in sensitivity and 
specificity for detection of CAD or identification of dis- 


TABLE VIII Comparison of the Imaging Properties of 
Tc-99m Sestamibi and Tc-99m Teboroxime 


Agent Tc-99m Sestamibi Tc-99m Teboroximg 


Begin imaging 30-60 minutes 1 minute 
Complete rest-stress 3—4 hours 90 minutes 

Total myocardial counts High Transiently high 
SPECT Yes Possible (quickly) 
Gated SPECT Yes No 

First pass Yes Yes 


SPECT = single photon emission computed tomography; Tc-99m = technetium- 
99m. 





TABLE IX Positron Emission Tomography 


Perfusion (Rb-82 or N-13 NH3) 
Similar sensitivity to T1-201 
Question if slightly higher specificity 
Viability (F-18 FDG) 
Highly predictive of improvement after revascularization 
Probably most accurate test 
Limitations 
High costs of equipment and radiopharmaceuticals 


F-18 FDG = fluorine-18 fluorodeoxyglucose; N-13 NH3 = nitrogen-13 ammonia; Rb- 
82 = rubidium-82; T1-201 = thallium-201. 





~~: 
ease in individual vessels. waite: E al°® have suggested 
similar sensitivity but slightly higher specificity of rubidi- 
um-82 PET compared to Tl-201 SPECT in a group of 
patients having exercise or dippridamole stress studies 
with both approaches. The TI-2Q1 SPECT examination 
in this study appears to have been subject to more posttest 
referral bias than the study of PET (i.e., patients had the 
Tl-201 study ordered for clinical purposes). The positive 
test responders were then more likely than the negative 
responders to be catheterizgd. The PET study then fre- 
quently followed catheterization (Schwaiger, personal 
communication). Go et al,>’ in a study using 1 dipyrida- 
mole stress test for sequential rubidium-82 PET and Tl- 
201 SPECT studies in the same patients, have reported 
no significant difference in specificity but slightly higher 
sensitivity with PET. The impreved specificity of Tl-201 
in this study may be related to the use of a 360° SPECT 
acquisition. This acquisition also has the effect of reduc- 
ing sensitivity, as might their use of injection of Tl-201 
after the performance of the PET examination when the 


Sn 82 SP 74 
Sp 95 


E CFR>3 
@ CFR>4 


60 40 
Specificity 





FIGURE 1. Receiver operating characteristic curve of results 
of dipyridamole perfusion positron emission tomography in 

193 patients. The results for sensitivity (Sn) and specificity 
(Sp) of the 2 criteria are very similar to published results using 
planar and single photon emission computed tomography thal- 
lium-201 exercise scintigraphy. CFR = coronary flow reserve 
predicted from quantitative coronary angiography.°4 
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A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


dipyridamole effect might not be maximal. There are no 
data comparing the perfusion of PET to that of SPECT 
using the new Tc-99m myocardial perfusion imaging 
agents. 

With respect to myocardial viability, Tillisch et al>® 
have demonstrated that fluorine-18 fluorodeoxyglucose 
PET is highly predictive of postrevascularization im- 
provement in regional myocardial asynergy. These results 
were somewhat more favorable than those of Tamaki et 
al,59 who more recently demonstrated that 78% of asyner- 
gic regions with evidence of viability by PET demon- 
strated improved: fiwmgtion postoperatively, compared to 
22% of regions withoyt evidence of viability by PET. 
Brunken et al have onstrated that fluorine-18 fluoro- 
deoxyglucose PET frequently demonstrates evidence of 
myocardial viability in fegments with nonreversible Tl- 
201 SPECT defects a4 hours® and “at 24 hours.°! In 
additjon, Fudo et al,®? in a study evaluating the relation of 
perfusion and viability by PET in jhe territory of prior 
myocardial infarction, showed that nitrogen-13 ammonia 
and fluorodeoxyglucose “mismatch” is frequent in the 
apparently infarcted territogy, suggesting an element of 
residual viability. The investigators also showed that evi- 
dence ot moderately extensive viable myocardium with 
fluorine-18 fluorodeoxyglucose uptake may be present 
even in functionally dyskinetic myocardial regions. The 
clinical significance of this finding, which at times may 
represent small regions @f viable myocardium in largely 
infarcted zones, remains to be determined. 

PET probably represents the most accurate test for 
assessment of regional myocardial viability in medicine 
today. As previously noted, however, a preliminary com- 
parison to a new TI-201 reinjection SPECT protocol has 
suggested that TIl-201 SPECT and fluorine-18 fluoro- 
deoxyglucose PET may have fewer discrepancies than 
reported with TI-201 redistribution SPECT.** Thus, the 
proportion of patients who might benefit from analysis of 
myocardial viability using fluorine-18 fluorodeoxyglu- 
cose PET after Tl-201 reinjection studies remains in 
question. 

«The principal limitations of PET are related to cost. 
The various components required for PET are all very 
expensive, with the positron emission tomographic scan- 
ner costing approximately $2,000,000, the cyclotron ap- 
proximately $1,500,000 and the rubidium-82 generator 
having a monthly cost of approximately $20,000.°? 


CONCLUSION 

New developments with Tc-99m agents and refine- 
ments in Tl-201 imaging and PET portend a bright future 
for myocardial perfusion scintigraphy. With the wide 
variety of tracers available, the clinician will soon be able 
to choose the most appropriate agent for a particular 
clinical settiag. This choice will be determined by a com- 
bination of clinical considerations, cost factors and the 
equipment available in a given laboratory. 
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Technetium-99m Sestamibi Myocardial Imaging: 
Same-Day Rest-Stress Studies and Dipyridamole 


Raymond Taillefer, MD, FRCP(c) 


Unlike thallium-201, technetium-99m (Tc-99m) 


sestamibi does not redistribute in the myocardium 
after injection. 2 separate injections, 1 at 
rest and the other at stress (or after dipyridamole), 
are required to di tiate ischemia from scar. 
From a physical viewpoint, a 24-hour interval be- 
tween the 2 injectionsis preferable for détection of 
coronary artery disease (CAD) with’Tc-99m sesta- 
mibi imaging. However, same-day studies are more 
convenient in clinical practice. Results of studies 
using different Tc-99m sestamibi injection proto- 
cols are presented with emphasis on the advan- 
tages of a rest-stress injection sequence with a low 
dose at rest (7 mCi) followed 2 hours later by a 
higher dose at stress (25 mCi). A prospective study 
was conducted in a patient population with proven 
CAD using same-day studies to compare a rest- 
stress (7 and 25 mCi, respectively) to a stress-resi 
(7 and 25 mCi) Tc-99m sestamibi injection se- 
quence. There was an agreement in 87.3% of the 
analyzed segments between the 2 protocols. How- 
ever, the largest discordance for type of defect ap- 
plied to 7.4% of the segments judged ischemic in 
the rest-stress protocol, which were called scars on 
stress-rest. This study showed that a rest-stress 
sequence is preferable when using a same-day pro- 
tocol with a short time interval (<2 hours) between 
the 2 Tc-99m sestamibi injections because the rest 
image performed initially represents a ‘‘true’’ rest 
study, which is not necessarily the case with the 
stress-rest sequence. 

«Preliminary studies were performed to evaluate 
dipyridamole with Tc-99m sestamibi imaging in 
normal subjects and in patients with CAD. These 
studies showed that treadmill and dipyridamole Tc- 
99m sestamibi imaging are comparable and the re- 
sults are similar to those obtained with thallium- 
201. 

(Am J Cardiol 1990;66:80E-84E) 
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sestamibi does not redistribute in the myocardium 

after injection. This offers 2 interesting advan- 
tages: excellent flexibility for imaging time after the 
stress injection and a lack of problems with underestima- 
tion of ischemia severity due to early redistribution (as 
sometimes seen with thallium-201). 


U= thallium-201, technetium-99m (Tc-99m) 


SAME-DAY STUDIES 

Because of the absence of significant redistribution, ‘ 
separate injections of this new myocardial perfusior 
agent are required to differentiate ischemia from scar 
and this may present a problem in clinical practice. Sever 
al different protocols for the 2 injections may be used 
Given the 6-hour half-life of Tc-99m, a 24-hour separa: 
tion between the 2 injections is ideal to minimize back: 
ground radioactivity. Ideally, this would be performec 
with the stress study first, because if it is normal, the res! 
study may not be needed. Although preferred from the 
technical standpoint, this protocol using a 24-hour inter- 
val between the 2 injections is far from being ideal ir 
clinical practice where having all of the information on 2 
single day would be highly preferred. Tc-99m sestamib 
can be injected at stress followed 24 or 48 hours later by a 
second injection at rest. 

Thus, for practical reasons, the optimal time interval 
used for performing Tc-99m sestamibi studies should be 
approximately 4 hours, which is similar to that used for 
thallium-201 imaging. Using this alternative, 1 dose of 
Tc-99m sestamibi is injected at stress (or at rest) followed 
the same day by a second similar or higher dose at rest (or 
at stress). The 3 major variables to consider in a same-day 
Tc-99m sestamibi injection protocol are: (1) the time 
interval between rest and stress injections; (2) the injected 
amount of activity for each injection; and (3) the se- 
quence of injections (rest-stress or stress-rest). 

A previous study compared the same-day injection 
protocol with a 24-hour interval between rest and stress 
studies in 15 patients with evidence of significant coro- 
nary artery disease (CAD) during both thallium-201 and 
coronary angiography.' On the same-day protocol, pla- 
nar imaging (10 minutes/view, 3 views) was performed 1 
hous after a rest injection of Tc-99m sestamibi (7 to 10 
mCi). After completing the rest study, patients received 
25 to 30 mCi of Tc-99m sestamibi at stress and images 
were again obtained 60 minutes later. Two days later 
(long time-interval protocol) a stress study alone was 
repeated using 10 mCi of Tc-99m sestamibi with the 
same imaging parameters. Qualitative and quantitative 
comparisons between the same-day and the long time- 
interval studies were performed by 4 experienced observ- 
ers. Both protocols showed the same number of ischemic 


segments (52 of 225) and fixed defects (19 of 225). Nor- 
mal/ischemic wall ratios were 1.33 + 0.12 for the same- 
day and 1.28 + 0.10 for the long protocol (difference not 
significant). Thus, this study using a rest-stress injection 
sequence showed that same-day studies with Tc-99m ses- 
tamibi can be useful and give results similar to the 2-day 
protocol for detection and characterization of perfusion 
defects. 

The Tc-99m sestamibi doses of 7 to 10 mCi at rest and 
25 to 30 mCi at stress were empirically chosen from 
previous preliminary data obtained in our laboratory. 
Originally, we have used a dose of 5 mCi at rest, but this 
dose resulted in relatively poor counting statistics. There- 
fore, the dose was increased to 7 to 10 mCi. The stress/ 
rest dose ratio of 3 to 3.5 was also empirically determined, 
taking into consideration the time interval of 2 hours and 
the rest-stress sequence. A lower ratio can be used, but 
the time interval between both injections would have to be 
increased. A time interval of 5 to 6 hours between the 2 
Tc-99m sestamibi injections is not much more convenient 
than a 24-hour interval in clinical practice because allow- 
ance must be made for an additional 1.5 to 2 hours after 
the last injection to complete the imaging. Thus, only a 
few patients/day can be studied with 1 gamma camera 
using a 5- to 6-hour interval between both injections. 

The next step was to compare the rest-stress and 
stress-rest injection sequence for same-day Tc-99m sesta- 
mibi studies.* Eighteen patients with either an abnormal 
thallium-201 scan or abnormal coronary angiography 
were prospectively studied with 2 Tc-99m sestamibi in- 
jection protocols. The rest-stress study (Fig. 1) was per- 
formed as follows: Tc-99m sestamibi (7 mCi) was inject- 
ed at rest and single photon emission computed tomogra- 
phy (SPECT) imaging was performed 60 minutes later. 
Immediately after the rest study, patients were injected at 
peak stress with Tc-99m sestamibi (25 mCi) and a 
SPECT study was repeated 1 hour later. Within 3 days 
after completion of this study, patients were submitted to 
the stress-rest protocol. In this protocol, SPECT imaging 
was done | hour after administering Tc-99m sestamibi (7 
mCi) at stress. This was followed by an injection of Tc- 
99m sestamibi (25 mCi) at rest with a SPECT study 
performed 60 minutes later. SPECT acquisition was per- 
formed on a Picker Dyna digital rotating camera and SX- 
300 gantry linked to a PCS-512 computer. The system 
consists of a large field-of-view gamma camera with a 
0.37-inch thick sodium iodide crystal, 60 photomultiplier 
tubes and a low-energy, ultrahigh-resolution, parallel- 
hole collimator. A symmetrical 15% window was cen- 
tered at 140 keV, and images were acquired into a 64 X 
64 computer matrix. Sixty-four 30-second projections 
(for the initial study with 7 to 8 mCi) and 20-second 
projections (for the second study with 25 mCi) were 
acquired over a 180° arc, extending from the 45° left 
posterior oblique to the 45° right anterior oblique view. 
Corrections for center of rotation offset, field nonunifor- 
mity (40 million count Tc-99m uniformity flood) and 
attenuation (u = 0.12) were performed before recon- 
struction. Myocardial sections were reconstructed in hor- 
izontal long, vertical long and short axes. Circumferential 


THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 16, 1990 





Rest I.V. 
(7-10 mCi) 


Stress |.V. 
(25-30 mCi) 


Rest 
Imaging 


Stress 
Imaging 


FIGURE 1. Schematic representation of technetium-99m ses- 
tamibi studies performed on the same day with a short time 
interval (<2 hours) between the rest and stress injections. 
I.V. = intravenous. 
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TABLE I Comparison Between Rest-Stress and Stress-Rest 
Tc-99m Sestamibi Injection Sequence (Segmental 
Comparison) 


Rest-Stre 
> ® 
Ischemia (%) Scar 
Normal 175 5 

Ischemia 6 77 

Scar s é 24 (7.4) 


* Agreement: 283/324 segments (87.3%). 
Tc-99m = technetium-99m. 


e Normal 


Stress-rest 





count profiles extending from the apex to the base (2- 
dimensional polar map) were generated for all studies. 
The left ventricle in each midplane was arbitrarily divid- 
ed into 6 segments, which were scored to represent nor- 
mal, ischemic or scar tissue on the basis of a transient or 
fixed defect. A total of 324 segments was interpreted 
blindly by 3 observers (Table I) with respect to the scans 
being normal, showing ischemia or a scar. There was 
agreement in 283 of 324 (87.3%) segments between the 2 
protocols (Fig. 2). However, the largest discordance for 
type of defect applied to 24 segments (7.4%) judged isch- 
emic in the rest-stress protocol that were called scars on 
stress-rest (Fig. 3). Stress images from both protocols 
were judged similar in 17 patients. In 1 patient, beth 
injection sequences showed the same defects, but the isch- 
emia was judged to be more significant with the stress- 
rest protocol. The conclusion of this study was that a rest- 
stress sequence is preferable when using a same-day pro- 
tocol with a short time interval (<2 hours) between the 2 
Tc-99m sestamibi injections because the rest image per- 
formed initially represents a “true” rest study, which is 
not necessarily the case with the stress-rest sequence. 

Advantages of rest-stress injection sequence: Better 
characterization of perfusion defect: The aforemen- 
tioned study showed that 7% of the myocardial segments 
were normal on the rest images of the rest-stress protocol 
but showed persistent defects on the rest images of the 
stress-rest sequence. Thus, the injection of Tc-99m sesta- 
mibi (25 mCi) at rest was not able to completely fill in the 
significant defect created by the previous 7 mCi injection 
at stress. 

Uniform myocardial background for patients with 
ischemia: Since the rest study is performed first, there is 
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Stress-Rest 





e 

FIGURE 2. Technetium-99m sestamibi tomographic imaging 
(polar map representations) in a patien? with 100% stenosis 
of the right coronary artery. Both rest-stress and sitress-rest 
injection show a similar ischemic defect involving 
the inferior wall of the left venjricle. (Reproduced with permis- 
sion from Eur J Nuc! Med.?) 


no “contamination” from a previous Tc-99m sestamibi 
injection. In a patient with ischemia but without infarc- 
tion, the ischemic defect will be seen on a relatively uni- 
form myocardial background from Tc-99m sestamibi 
rest injections (Fig. 4). In the stress-rest protocol, myo- 


Stress Rest 
a 4 Ad 
e 


FIGURE 3. Technetium-99m sestamibi tomographic imaging in 
a patient witb 100% stenosis of the left anterior descending 
coronary artery and 95% stenosis of the right coronary artery, 





anteroseptal 
ed with the rest-stress sequence) were seen on the thallium-201 


study. (Reproduced with permission from Eur J Nucl Med.*) 
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cardial background for the rest study will be nonhomo- _ 
genous. The rest injection has to fill in the defect created 
by the stress injection, and this is difficult, particularly in 
patients with significant ischemia. Such patients will have 
a fixed or partially “reversible” defect (false diagnosis) on 
the stress-rest sequence. If the stress-rest sequence is used 
with a longer time interval or with a higher dose at rest, it 
is likely that results will improve.* 

Larger difference of activity between both injections: 
Theoretically, the larger the difference in the amount of 
activity between the rest and stress injections, the greater 
will be the possibility to reduce background effects creat- 
ed by residual activity from the initial injection of Tc- 
99m sestamibi. For a given amount of injected activity, 
absolute myocardial uptake is higher at stress than at 
rest. Thus, the difference is greater with the rest-stress 
than with the stress-rest sequence, since the greatest 
amount of activity is injected at stress using the former 
protocol. Results of a phase I study of Tc-99m sestamibi 
showed that the myocardial uptake is 1.0% of injected 
dose at rest and 1.4% at stress.° In our study, the rest- 
stress protocol used a dose of 7 mCi at rest (1.0% = 70 
uCi) and 25 mCi at stress (1.4% = 350 uCi) for a ratio of 
5-to-1 (350-to-70). The stress-rest sequence uses a 7 mCi 
dose at stress (1.4% =98 wCi) and 25 mCi at rest 
(1.0% = 250 wCi) for a ratio of 2.5-to-1 (250-to-98). 
Thus, the difference in the amount of myocardial activity 
between the 2 Tc-99m sestamibi injections is doubled 
with the rest-stress sequence. 

Lower dosimetry: The phase I study also showed that 
dosimetry is lower with a stress injection than with a rest 
injection of Tc-99m sestamibi. Thus, the rest-stress proto- 
col (with 7 mCi at rest) provides better dosimetry than 
the stress-rest protocol (with 25 mCi at rest). 

First-pass study: Tc-99m sestamibi is well suited for 
first-pass radionuclide angiography at stress because of 
the Tc-99m labeling. If allowed by the technical setup, 
the rest-stress protocol will be preferable using a stress 
dose of 25 mCi. If only 5- to 7-mCi doses were used for 
the stress study in a stress-rest sequence, exercise first- 
pass studies would not be feasible even with dedicated 
multicrystal cameras. 

Conclusion: Same-day studies can be a useful alterna- 
tive to the optimal 24-hour interval between 2 Tc-99m 
sestamibi injections for detection of CAD. When using 
same-day studies with a short time interval (<2 hours) 
between 2 Tc-99m sestamibi injections, the rest-stress 
sequence is preferable. The stress-rest sequence is a possi- 
ble alternative but it would be necessary to use a longer 
time interval between the 2 injections or to increase the 
différence in the amount of injected activity. 


DIPYRIDAMOLE STUDIES 

Intravenous dipyridamole is recognized as a useful 
alternative to a treadmill stress test with thallium-201 
myocardial imaging in patients unable to achieve an ade- 
quate level of exercise. If Tc-99m sestamibi imaging is 
accepted as a routine procedure in the detection of CAD, 
it is likely that dipyridamole will also play a significant 
role with this new radiopharmaceutical. Preliminary 


(J 


studies have been performed to evaluate dipyridamole 
with Tc-99m sestamibi imaging in normal subjects and in 
patients with CAD. 

Studies in normal subjects: A study was performed in 
our laboratory to determine and compare the blood clear- 
ance, myocardial uptake and heart-to-lung ratios of Tc- 
99m sestamibi after the treadmill stress test and dipyrida- 
mole.’ Ten normal volunteers were injected with Tc-99m 
sestamibi (10 mCi/70 kg) at peak stress and after dipy- 
ridamole infusion 7 days later. Blood samples were col- 
lected from | to 60 minutes after each Tc-99m sestamibi 
injection and planar images were obtained at 5 and 60 
minutes. Regions of interest were placed over the heart, 
left lung and liver. Myocardial uptake (cpm/pixel/mCi) 
was also determined. Table II summarizes the results 
obtained in this normal subject population. Tc-99m sesta- 
mibi blood clearance is significantly faster after dipyrida- 
mole infusion (0.142 mg/kg/min for 4 minutes). This 
can be explained by dipyridamole-induced vasodilation 
and splanchnic pooling of the radiotracer, which causes a 
rapid splanchnic uptake and subsequent fast blood clear- 
ance. The heart/lung ratio was higher with dipyridamole 
than in the stress study. Since myocardial uptake is simi- 
lar for the 2 types of cardiac stimulation, a decreased lung 
uptake should be responsible for the increased heart /lung 
ratio. These data differ from those obtained with thalli- 
um-201, where there is an increased thallium-201 myo- 
cardial uptake after dipyridamole and similar lung up- 
take after both stress and dipyridamole imaging. How- 
ever, the resultant effect is the same, the heart/lung ratio 
being increased with dipyridamole. A similar study would 
have to be performed in patients with CAD to confirm 
these findings. The Tc-99m sestamibi heart/liver ratio is 
higher at stress than after dipyridamole. As with thalli- 
um-201, there is less splanchnic and liver uptake at stress, 
which explains the higher heart/liver ratio. 

Studies in patients with coronary artery disease: A 
second study was undertaken to compare Tc-99m sesta- 
mibi to thallium-201 imaging after injection of dipyrida- 
mole.® Twenty-seven patients referred for the evaluation 
of chest pain were prospectively studied with both thalli- 
um-201 and Tc-99m sestamibi dipyridamole planar im- 
aging. A same-day injection protocol was used for Tc- 
99m sestamibi: Tc-99m sestamibi (7 to 8 mCi) was in- 
jected at rest and imaging was performed 60 minutes 
later. This was followed by an injection of Tc-99m sesta- 
mibi (25 mCi) after dipyridamole administration, with 
imaging obtained 60 minutes later. Analysis was per- 
formed by 3 blinded observers. The left ventricle was 
divided into 3 segments in each image. Comparison of 
thallium-201 with Tc-99m sestamibi studies shoved 
agreement in 87.2% (212 of 243) of the myocardial seg- 
ments (Table III). Both scans were normal in 9 patient? 
Abnormal thallium-201 and Tc-99m sestamibi studies 
were seen in 18 and 16 patients, respectively. This study 
showed that there is a good correlation in the results with 
thallium-201 and a same-day injection protocol of Tc- 
99m sestamibi using dipyridamole, both on a segment- 
by-segment basis and on a patient-by-patient compari- 
son. These findings are similar to those reported in studies 
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sagittal transverse coronal 
FIGURE 4. Technetium-99m i tomographic slices (3 
different incidences) showing a si ischemic defect of 


the inferior wall in a patient with a 95% stenosis of the right e 
coronary artery. Both rest and stress technetium-99m sesta- 
mibi images were completed within 4 hours using a same-day 
injection protocol (initial rest injection with 8 mCi followed 2 
hours later by a stress injection of 27 mCi). 
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TABLE Il Comparison Between Treadmill and Dipyridamole 
Tc-99m Sestamibi 


Stress 


56 + 4 
109 + 22 
96 + 20 
2.7+0.3 


Blood clearance (% 1 minute) 


Myocardial uptake (5 minutes) 
Myocardial uptake (60 minutes) 
Heart /lung (5 minutes) 

Heart /lung (60 minutes) 3.1+0.5 
Heart /liver (60 minutes) 1940.5 


Dip = dipyridamole; NS = not significant; Tc-99m = technetium-99m. 


TABLE lil Comparison Between Tc-99m Sestamibi and 
Thallium-201 Dipyridamole Imaging: Segmental Analysis 


Tc-99m Sestamibi (%) 


Normal Ischemia Scar 


146 (60.0) 7 2 


Normal 
Ischemia 11 47 (19.2) 6 
Scar 3 2 19 (8.0) 


* Agreement: 213/243 segments (87.2%). 
Tc-99m = technetium-99m. 


Thallium-201 





comparing thallium-201 and Tc-99m sestamibi planar 
imaging with treadmill stress test. 

In a third study, treadmill stress test was compared to 
dipyridamole Tc-99m sestamibi imaging in®17 patients 
referred for coronary angiography.’ Treadmill and dipy- 
ridamole studies detected 31 and 34 ischemic segments, 
respectively (difference not significant), while both stud- 
ies showed 15 fixed defects. 

In conclusion, these preliminary studies showed that 
treadmill and dipyridamole Tc-99m sestamibi imaging 


THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 16, 1990 83E 


A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


are comparable and have results similar to those obtained 
with thallium-201. 
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Use of Technetium-99m Sestamibi to Determine 
the Size of the Myocardial Area Perfused 
by a Coronary Artery 


Simon H. Braat, MD, Hans de Swart, MD, Johan H. Janssen, MD, Pedro Brugada, MD, 
Pierre Rigo, MD, and Hein J. J. Wellens, MD 


Da aS ae a S 
The value of the new radionuclide tracer, techne- 
tium-99m (Tc-99m) sestamibi, to demonstrate 
myocardial perfusion in areas supplied by specific 
coronary arteries was evaluated in patients injected 
with the agent during cardiac catheterization. Tc- 
99m sestamibi differs from thallium-201 in its 
physical characteristics (photon energy 140 keV), 
half-life (6 hours) and lack of significant redistribu- 
tion, allowing its administration during an episode 
of chest pain or ischemia occurring outside the nu- 
clear medicine laboratory with later imaging to vi- 
sualize the distribution. In 13 patients Tc-99m ses- 
tamibi was administered intravenously during bal- 
loon-occlusion angioplasty. In 11 of 13 patients, 
defects of the single photon emission computed to- 
mography images corresponded to the area made 
ischemic during angioplasty. In the remaining 2 pa- 
tients, abundant collateral flow was present and no 
defects were seen. In a second study, 15 patients 
had Tc-99m sestamibi selectively injected into a 
coronary artery during angiography. Later imaging 
identified the area supplied by the artery injected. 
Tc-99m sestamibi imaging can detect perfusion de- 
fects associated with short episodes of ischemia, 
and the area supplied by the different coronary 
arteries. 

(Am J Cardiol 1990;66:85E—-90E) 
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or over 15 years, thalliumg201 (T1-201) has been 
P= for the evaluation of Patients with suspected 

coronary artery disease.'~? The physical character- 
istics of TI-201 make it less tha ideal for imaging pur- 
poses, and therefore several alteMative agents have been 
evaluated. Technetium-99m (Tc-99m) sestamibieis &n 
alternative myocardéal perfusion imaging agent shown to 
have good biologic properties for clinical use:'? it has a 
half-life of 6 hours, is excreted quickly by the liver and 
kidneys, has a photon energy of 140 keV, has low lung 
uptake and has no side effects. 

Tc-99m sestamibi uptake in the myocardium is direct- 
ly related to blood flow. In contrast to Tl-201, Tc-99m 
sestamibi has minimal or no myocardial redistribu- 
tion.'!:!2 Because of its lack of redistribution, Tc-99m 
sestamibi can be injected at the bedside, in the exercise 
laboratory or in the catheterization room, and the imag- 
ing can be performed several hours later in the nuclear 
medicine department. 

We performed 2 studies to assess the value of Tc-99m 
sestamibi in the catheterization laboratory. First, we in- 
vestigated whether Tc-99m sestamibi imaging could 
demonstrate the area of the myocardium at risk during 
short episodes of severe ischemia. Intravenous injections 
of Tc-99m-sestamibi were made during percutaneous 
transluminal coronary angioplasty (PTCA) in patients 
with 1-vessel coronary disease, and imaging was per- 
formed after catheterization. In a second study, we deter- 
mined whether selective intracoronary injection of Ic- 
99m sestamibi would demonstrate the size of the myocar- 
dial area perfused by that artery. 


METHODS 

Study 1: percutaneous transluminal coronary angi- 
ography and use of technetium-99m sestamibi: We 
studied 9 men and 4 women ranging from 38 to 71 years 
of age (mean 58 + 7). Eleven patients had stable anginal 
complaints (class II to III according to the New York 
Heart Association classification) despite medical treat- 
ment with 6-blocking agents, long-acting nitroglycerin 
and calcium antagonists. Two patients were admitted 
with unstable angina and treated with intraYenous nitro- 
glycerin, calcium antagonists and -blocking agents. 
None of the patients had a previous myocardial infarc- 
tion. All had normal resting electrocardiograms and nor- 
mal left ventricular contraction patterns during cineangi- 
ography. In addition all had 1-vessel coronary disease, 
where the lumen diameter was narrowed 275%. 


A SYMPOSIUM: TECHNETIUM-99m IMAGING AGENTS 


TABLE I Clinical, Angiographic, Electrocardiographic and 
Scintigraphic Manifestations 


Occlu- 
sion 


ECG 
Changes 


Diseased Collat- 


Pt Vessel erals Pain Defect 
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Lp tee teteeettet 
rip teeteteeetttest 


L 
L 
R 
L 
L 
C 
L 
R 
C 
L 
L 
L 
C 


wS ily eg EES 


C = circumflex artery; ECG = ¢ 
coronary artery; R = right coroné 


Cardiac catheterization: We performed coronary an- 
giography using the Judkin technique. We performed left 
coronary angiography in the 30° and 60° right anterior 
oblique projections and the 60° left anterior oblique pro- 
jection. We made additional projections, including angu- 
lated views to demonstrate the stenosis, when indicated. 
We performed a right coronary angiogram in the 30° 
right anterior oblique amd 60° left anterior oblique pro- 
jections, with additional projections as necessary. Left 
ventricular angiograms were done in the 30° right anteri- 
or and 60° left anterior oblique projections. The angio- 
grams were taken on 35 mm cine film exposed at 60 
frames/s with a Siemens U system cardioscope (Siemens 
AG). At least 2 observers interpreted coronary angio- 
grams and ventriculograms. 

When a stenosis was judged suitable for PTCA, the 
coronary angiogram was repeated in the projection in 
which the stenosis was best seen after heparinization. 
After the balloon was initially inflated, 20 mCi of Tc-99m 
sestamibi was immediately injected intravenously in an 
afm vein. During the PTCA procedure, patients were 
continuously monitored with an electrocardiogram using 
6 simultaneous surface leads. The first balloon infla- 
tion lasted 60 seconds, or less if the patient experienced 
severe chest pain or ST-segment depression 24 mm in >2 
leads. 

Single photon emission computed tomography ac- 
quisition and processing: After completion of the balloon 
dilatation and at least 1 hour after the injection of Tc- 
99m sestamibi, the patient was brought to the nuclear 
medicine laboratory for imaging. Single photon emission 
computed tomography (SPECT) acquisition was per- 
formed with a Technicare Gemini camera (Technicare 
Corporatio) with a low-energy, all-purpose, parallel- 
hole collimator. Thirty projections (60 seconds each) 
were obtained over a 180° arch extending from the 45° 
left posterior oblique to the right anterior oblique posi- 
tion. A 20% symmetric energy window centered in the 
140 keV peak was used. All data were stored on the hard 
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disk of a 560 Technicare mobile computer (Technicare 
Corporation) using a 64 X 64 word-mode matrix. ; 

Processing: For nonuniformity correction, a Tc-99m 
flood source was counted weekly, accumulating 400 mil- 
lion counts. We determined the mechanical center of 
rotation from the projection data to align the detector 
data with respect to the reconstruction matrix. The raw 
data were initially smoothed with a 9-point weighted 
average algorithm. 

Filtered back-projection was then accomplished using 
a low-resolution Butterworth filter with a cutoff frequen- 
cy of 0.5 cycles/pixel order 5, to reconstruct transverse 
axial tomograms of 12.4 mm thickness/slice, encompass- 
ing the entire heart. Sagittal and oblique tomograms par- 
allel to the long and short axis of the left ventricle were 
then extracted from the filtered transaxial tomograms by 
performing a coordinate transformation with the appro- 
priate interpolation.'* For attenuation correction, we 
used a linear coefficient of 0.12. For visual interpretation, 
all short-axis and horizontal long-axis tomograms were 
displayed on transparent film. 


Study 2: use of technetium-99m sestamibi to deter- 
mine selected coronary artery perfusion: We studied 11 
men and 4 women between 31 and 73 (mean 51 + 9) 
years of age. Six patients had documented rhythm distur- 
bances, and 9 patients were considered to have anginal 
complaints, class II to class III, according to the New 
York Heart Association classification system. 

No patient had a previous myocardial infarction. All 
had normal resting electrocardiograms and normal left 
ventricular contraction patterns during cineangiography. 
We performed cardiac catheterization as described previ- 
ously. For 7 patients, 1 mCi of Tc-99m sestamibi was 
ihjected into the proximal portion of a normal right coro- 
nary artery; for 4 patients 1 mCi of Tc-99m sestamibi was 
injected into the left anterior descending coronary artery 
just after its origin from the left main coronary artery; 
and for 2 patients, 1 mCi of Tc-99m sestamibi was inject- 
ed into the proximal portion of a normal circumflex coro- 
nary artery. In 1 patient, a specially developed catheter 
was used to inject the radioactive tracer into the first 
septal branch. In another, a specially developed catheter 
was used to inject the radioactive tracer into the atrioven- 
tricular nodal branch of the right coronary artery. 
Nuclear imaging: After catheterization, patients were 
brought to the nuclear medicine laboratory for imaging. 
For all studies, we used a mobile Technicare gamma 
camera (Technicare Corporation) with an all-purpose, 
parallel-hole collimator interfaced to a Technicare 560 
mobile computer system. In all patients, we recorded 3 
views: 45° left anterior oblique, anterior and left lateral, 
using a preset time of 360 seconds. The window was 20% 
With a photopeak of 140 keV. 


RESULTS 

Study 1: We successfully performed a PTCA proce- 
dure in the left anterior descending coronary artery in 8 
patients (Table I). In 2 patients, we successfully per- 


formed PTCA in the right coronary artery, and in 3 
patients we successfully performed PTCA in the circum- 
flex coronary artery. The occlusion time varied between 
13 and 60 (mean 47) seconds. In 11 patients, electrocar- 
diographic changes or chest pain, or both, occurred dur- 
ing the balloon inflation. In the 2 patients admitted with 
unstable angina and treated with intravenous nitroglycer- 
in, no electrocardiographic changes or chest pain oc- 
curred. One of these patients had a subtotal stenosis of the 
left anterior descending coronary artery and the other 
had a subtotal stenosis of the circumflex artery. In both of 
these patients good collateral circulation was present. 
After PTCA, there were no enzyme increases or elec- 
trocardiographic changes suggestive of acute myocardia? 
infarction in any patient. In the 11 patients who devel- 
oped chest pain and electrocardiographic changes during 
balloon occlusion, a perfusion defect on SPECT imaging 
was present (Fig. 1) and its location corresponded to the 
vessel in which the PTCA procedure was performed. 
Also, the size of the defect correlated with the site of 
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FIGURE 1.A GNET photon sintaster computed tomography 
‘study of a patient in whom a percutaneous transluminal coro- 
nary angioplasty procedure was performec 

descending coronary artery. Note the large anteroseptal de- 


fect, which is seen as well in the short axis (left) as in the long 
axis 5 (right). NS a LA r 


y 


stenosis, with the largest PTN seen in proximal steno- 
ses. The SPECT i images of the 2 patients with collatefff 
vessels, who had no chest. pain or electrocardiographic 
changes during PTCA, showed no defects. In 5 patients, 
SPECT imaging repeated 2 days after the PT CA proce- 
dure demonstrated no defects (Fig. 2) a j 

Study 2: Angiography results showed hic 8 patients 
had normal coronary arteries, 5 patients had 3-vessel 
disease and 2 patients had 2- vessel disease (right coro- 
nary artery and left anterior descending coronary artery). 
None of the 15 patients experienced any side effects from 
Tc-99m sestamibi. In all patients radioactive uptake was 
found in the myocardium, and in all cases the uptake 
corresponded to the flow area of the coronary artery in 
which Tc-99m sestamibi was selectively inj€cted. In 7 
patients in whom Tc-99m sestamibi was injected in the 
right coronary artery, uptake varied. In a large right 
coronary artery, we visualized the right ventricle, the 
inferior and posterior walls of the left ventricle and a part 
of the interventricular septum, while in a small nondom- 
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FIGURE 2. After 2 days a resting single photon emission com- 


puted tomography study was repeated in the patient shown in 
Figure 1. No defect is now seen in the short-axis (left) or in 


the long-axis (right) views. 


alt 
“ 
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iagnt right coronary artery only the right ventricle was 


seen. In the other 5 patients, results varied between these 
2 pictures. In the 4 patients in whom Tc-99m sestamibi 
was injected in the left anterior descending coronary ar- _ 
tery, the results varied as well. In all patients, the inter- 


ventricular septum showed uptake of the tracer, but the 
uptake of the anterior wall varied. In 1 patient, in addition 


to the septum and the anterior wall, we also visualized a 


large part of the inferior wall. This patient had a large left 
anterior descending coronary artery, which supplied a 


part of the inferior wall of the left ventricle. In the other 3. 


cases of selective peripheral septal and atrioventricular 
nodal injections, the distribution territory was clearly 
smaller cogipared to the proximal injections. 

The target-to-background ratio was very high (Fig. 3) 
because no, or only minimal, activity was seen outside the 
flow area of the selectively injected coronary artery. 


DISCUSSION 

Our study shows that Tc-99m sestamibi can detect 
short episodes of ischemia and demonstrate the flow area 
of the individual coronary arteries, without the need to 
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scan the patient immediately after injection of the radio- 
active tracer. Documentation of the ischemic area during 


short episodes of ischemia, with or without electrocardio- 


graphic changes, is of obvious diagnostic value. For ex- 
ample, a patient can be injected during an episode of pain, 
and after the patient is stabilized, imaging can be per- 
formed to identify areas of myocardial ischemia and to 
estimate the size of the jeopardized myocardium. This 
approach may also allow better evaluation of the effect of 


thrombolytic therapy in patients admitted with an acute 


mypcardial infarction.'* By using Tc-99m sestamibi in 
sequential studies, it might become possible to judge indi- 


_ widually the extent of ischemia and how much myocardi- 
um was salvaged. The amount of salvage could influence 


the treatment strategy. 

Our study also suggests the importance of collateral 
coronary circulation. Two patients admitted with unsta- 
ble angina who had significant electrocardiographic 
changes later stabilized after medical treatment (showing 
normalization of the electrocardiogram). During injec- 
tion of contrast into the right coronary artery, abundant 
collateral circulation to the left system was seen, and both 
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FIGURE 3. Three planar views after selective injection of 
technetium-99m sestamibi in a dominant right coronary ar- 
tery. The left anterior oblique (LAO) view shows the right ven- 
tricle and the inferior wall of the left ventricle. The anterior 
(ANT) view shows the anterior wall of the right ventricle and 
the inferior wall of the left ventricle. The left lateral (LL) view 
shows the anterior wall of the right ventricle and the posterior 
wall of the left ventricle. 
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patients experienced chest pain. In both, no chest pain or 
electrocardiographic changes occurred during balloon in- 
flation of the severely narrowed coronary artery, and the 
SPECT imaging showed no defects. 

The visualization of the area of perfusion by the indi- 
vidual coronary artery helps us to understand the planar 
images obtained after an exercise test. After visualization 
of the flow areas of 7 right coronary arteries, of which 5 
were dominant, we understand much better the differ- 
ences in the size of defects that can be seen in patients 
with a proximal stenosis of the right opronary artery. The 
right coronary artery cannot onle ‘dominant, but also 
the blood supply to the inferior part of the interventricu- 
lar septum and the posterior walMof the left ventricle may 
vary considerably. The blood supply of the left anterior 
descending artery can also varg. In 3 of the 4 patients in 
this series, the blood supply reNyesented by the Tc-99m 
sestamibi uptake covered the anterolateral wall, makeng 
it understandable that the sensitivity for detection of le- 
sions in the circumflex coronary artery is low. A limita- 
tion of intracoronary administration of radionuclides can 
be streaming after iftjectiog, which can lead to preferen- 
tial uptake through 1 of the branches of the coronary 
vessel rather than homogeneous distribution throughout 
the entire risk area. 

Selective coronary artery injection of Tc-99m sesta- 
mibi not only allows better understanding and interpreta- 
tion of planar images, but potentially its use might also 
differentiate between viable and necrotic myocardium. !5 
Ifa patient has suffered an acute myocardial infarction, it 
is not always easy to predict whether PTCA or bypass of 
the infarct-related vessel will be of value. If, after selec- 
tive injection of Tc-99m sestamibi in the infarct-related 
artery, a large area of radioactive uptake is seen on the 
images, PTCA or bypass of that vessel would seem rea- 
sonable. This technique can also be used to predict the 
area of jeopardized myocardium after occlusion at a spe- 
cific place in the coronary artery. 

Recently, in some of our patients in whom convention- 
al treatment failed to control ventricular rhythm distur- 
bances, we used selective alcohol injection to destrofthe 
area in which the tachycardia originated.'!© We believe 
that Tc-99m sestamibi also allows estimation of the area 
perfused by the artery considered to be supplying the 
arrhythmogenic area. Careful estimation of the size of 
that area will prevent destruction of excess myocardial 
tissue. 
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Since the introduction of technetium-99m methoxy- 


isobutyl isonitrile (Tc-99m sestamibi) in Europe, 
there has been a growing interest in its use. Sever- 
al European multicenter trials have been conducted 
to evaluate this new agent in relation to the tradi- 
tional perfusion marker thallium-201, and other 
studies are in progress to understand the use of 
this perfusion marker for the diagnosis of coronary 
disease, for use in conjunction with pharmacologic 
vasodilation, for use in the assessment of ventricu- 
lar function and wall motion and for the assessment 
of interventions. 
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“workhorse” for myocardial perfusion imaging for 

more than a decade and has been widely accepted 
and applied. However, due to the suboptimal physical 
characteristics of Tl-201, the introgyction of technetium- 
99m (Tc-99m)-labeled radiopharmaceuticals has been 
considered a major breakthrough¥or myocardial scintig- 
raphy.! -> The compound Tc-99m sestamibi (Tc-99m me- 
thoxy-isobůtyl isonitrile) has Mpima a favorable spec- 


kK (Tl-201) has been the traditional 


trum of propertfes including m\nimal redistribution, a 
high extraction fraction as a perfusion marker and high 
photon flux due to the Tc-99m label. Tc-99m sestamibi 
has been introduced into large clinical trials in the United 
States, Canada and Europe. More recently it has become 
available either on a prescription basis or for commercial 
sale in several European countries. 

Based on its physical and biologic characteristics, Tc- 
99m sestamibi is expected to offer several advantages, 
such as improved single photon emission computed to- 
mography (SPECT),* simultaneous evaluation of ven- 
tricular function and myocardią] perfusion with 1 radio- 
tracer, and assessment of interventions.56 We summarize 
the most important European experiences with Tc-99m 
sestamibi, with special emphasis on applications in chron- 
ic coronary artery disease (CAD). 

Since the introduction of Tc-99m sestamibi in Eu- 
rope,’ there has been a growing interest in its use. Several 
European multicenter trials have been conducted, and 
other studies are under way investigating the use of Tc- 
99m sestamibi in comparison with Tl-201 in chronic 
CAD and myocardial infarction, and confirming its use 
in determining first-pass ventricular function. In addi- 
tion, several European groups have used this new perfu- 
sion tracer on a broader clinical basis or have condugsed 
special targeted studies. 


TECHNETIUM-99m SESTAMIBI AS A TRACER 
FOR SINGLE PHOTON EMISSION COMPUTED 
TOMOGRAPHY: EUROPEAN ACQUISITION 
PROTOCOLS AND RESULTS 

One major area of interest regarding this new tracer 
has been its clinical utility and comparative value as an 
agent for SPECT. Karcher et al,® from the French sub- 
group of the European Phase III Multicenter Study Tri- 
al, evaluating Tc-99m sestamibi in conjunction with 
stress testing for the diagnosis of ischemic cardiac dis- 
ease, reported a study of 81 patients with proven CAD. 
They found a high concordance of abnormal segments for 
Tl-201 and Tc-99m sestamibi. Two independent observ- 
ers interpreted both the Tl-201 SPECT and Tc-99m ses- 
tamibi SPECT studies. In cases of interobserver disagree- 
ment, a joint reading was made with a third observer to 
arrive at a consensus. The Tc-99m sestamibi studies were 
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performed using a 370 MBq (10 mCi) injection at stress 
followed by a 740 MBq (20 mCi) injection at rest 6 hours 
later. The agreement between the 2 tracers was 89% (72 
of 81 patients) for the left anterior descending artery as 
well as for the right coronary artery and the left circum- 
flex artery. These investigators also reported interob- 
server agreement for Tl-201 and Tc-99m sestamibi. 
Comparing SPECT slices at rest and stress, 2 observers 
classified as abnormal or normal the territories supplied 
by the left anterior descending coronary artery, right 
coronary artery ahd left circumflex artery. Interobserver 
agreement for Tc-99™ sestamibi was 95% for involve- 
ment of the left anterigr descending coronary artery and 
97% for the right cofonary artery and left circumflex 
artery, whereas for Tl-201 values of 88% wege found for 
the left anterior descenJing coronary artery and for the 
right coronary artery 4nd left circumflex artery. These 
d&tasuggest slightly improved interobserver agreement 
with Tc-99m sestamibi, possibly related to the improved 
image quality observed with this agent. However, be- 
cause of the small number of patients, the differences did 
not reach statistical significamce. These findings need fur- 
ther confirmation. 

Other groups have concentrated on the feasibility of a 
1-day protocol, as prolonged retention in the myocardium 
requires 2 separate injections, most commonly given on 
separate days. In clinical practice, however, a 1-day pro- 
tocol would be desirabl@ offering improved logistics and 
the possibility for earlier decision making. In a selected 
series of 15 patients with angiographically proven CAD, 
Stirner et al? compared TI-201 and Tc-99m sestamibi 
using a same-day rest-exercise protocol and SPECT im- 
aging. Using a dose of 240 MBq (6.5 mCi) of Tc-99m 
sestamibi at both exercise and rest with a 3-hour time 
difference between the 2 injections, a “net” rest distribu- 
tion was obtained by subtracting the residual activity 
imaged just before the rest injection from the rest study. 
From polar, targetlike regions of interest, data were com- 
puted from short-axis cross-sectional slices, and regional 
values for uptake, washout and “washout corrected” re- 
distribution were obtained. The investigators demon- 
strated high segmental agreement in 97% of the 60 myo- 
cardial segments evaluated. Using the resulting “net” rest 
distribution data, myocardial washout in the region of 
maximal myocardial activity was found to be 19 + 6% for 
Tc-99m sestamibi and 42 + 7% for Tl-201, whereas in the 
defect areas myocardial activity was 22 + 12% for Tc- 
99m sestamibi and 25 + 16% for Tl-201. These data 
suggest a 20% washout from both normal and abnormal 
areas with Tc-99m sestamibi. When quantifying the 
amount of fill-in of the defect (Tl-201 redistribution and 
reinjection of Tc-99m sestamibi, corrected for residual 
activity from the rest injection), the amount of change 
between postexercise data and rest data was not signifi- 
cantly different for the 2 tracers: 6.7 + 10.2% for T201 
and 5.4 + 5.9% for Tc-99m sestamibi in the area of 
maximal activity, and 36.1 + 24.4% for Tl-201 and 39.8 
+ 24.9% for Tc-99m sestamibi in the defect region. If 
uncorrected data (no subtraction of residual activity) 
were used for the calculation of the Tc-99m sestamibi 
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values, there was no difference between the amount of 
change in the region of maximal myocardial activity and 
that observed in the defect area: 9.8 + 6.5% and 9.6 + 
12.8%, respectively. Thus, the investigators concluded 
that Tl-201 and Tc-99m sestamibi resulted in almost 
identical myocardial defects both in size and amount of 
relative uptake when the residual activity from the first 
stress injection of Tc-99m sestamibi was subtracted from 
the rest study. The subtraction technique used in this 
study has inherent limitations, such as possible artifacts 
created by the algorithm and the necessity for the patient 
to remain in the same position between the exercise and 
rest study, which may preclude its use for routine clinical 
protocols. 

In subsequent studies,'°'' the same group further 
evaluated the possibilities of a 1-day protocol using 150 
MBq (4 mCi) injected at exercise and 800 MBq (22 mCi) 
injected at rest in a 4-hour protocol. Exercise imaging was 
started 60 minutes after the injection. Immediately after 
image acquisition the rest injection was given, and images 
were obtained 2 hours later. One study in 70 patients with 
angiographically confirmed CAD and 10 control sub- 
jects!! described a semiquantitative index, the exercise- 
rest ratio, or “perfusion reserve.” as a correlate to coro- 
nary vascular reserve. This perfusion reserve is derived 
from global myocardial uptake (total left ventricle 
counts) and regional myocardial uptake of Tc-99m sesta- 
mibi on SPECT studies. The same segmentation ap- 
proach from their previous study,'° with targetlike repre- 
sentations of a series of short-axis slices corrected for 
decay, remaining activity and a “washout factor” of 20%, 
was used. These parameters were related to the degree of 
coronary artery stenosis by angiography. The investiga- 
tors report the usefulness of “global and regional perfu- 
sion ratios” in quantitative Tc-99m sestamibi SPECT. 
However, one should be aware of the inherent inability to 
correct for differences in extraction fraction or metabolic 
influences, which in fact precludes the use of such ratios 
as direct equivalents for coronary perfusion reserve mea- 
surements. Nevertheless, these parameters successfully 
grouped myocardial areas for the severity of stenosis of 
the supplying vessel and separated abnormal subjects 
from control subjects sufficiently. Whether such an ap- 
proach yields significant additional information in terms 
of diagnostic accuracy must be determined by further 
studies. 

In the same study population, these investigators re- 
lated the results of a quantitative analysis of the SPECT 
data to an evaluation of a perfusion index from myocardi- 
al uptake during exercise and rest.'° The perfusion index 
during exercise and the perfusion index at rest are derived 
from the relative amount of Tc-99m sestamibi uptake in 
normalized to maximal activity within the perfusion map. 
These perfusion indices at exercise and rest were com- 
pared to qualitative visual readings of reversible, partially 
reversible and persistent defects (Table I). Sensitivity for 
CAD detection (stenosis >75%) by visual analysis of the 
SPECT images in this group of patients with a mean 
prevalence of disease of 72% was reported to be 96% (45 
of 47) for patients and 89% for vessel assessment (56 of 


b 63). This study also compared data from the 4-hour pro- 


tocol with data from repeated rest injection after 24 hours 


in 10 patients and 21 defect areas (Table II). Perfusion 


indices in the defect areas at rest at 4 hours and after 24 


__ hours were not different for reversible, partially reversible 


and persistent defects, suggesting the feasibility of a 4- 
hour (1-day) protocol and quantitative analysis to cor- 
rectly assess the distribution and uptake patterns of Tc- 
99m sestamibi SPECT studies. 

Taillefer et al,'? using a short time interval (<2 hours) 
between 2 Tc-99m sestamibi injections, recently reported 
the superiority of a rest-stress sequence over a stress-rest 
sequence, applying qualitative analysis to the tomograph- 


_, ie studies. In their study, 18 patients referred for chest 


pain underwent 2 complete Tc-99m sestamibi studies: a 


_ rest-stress study and a stress-rest study. For each Tc-99m 


sestamibi study, 4 presentations were available: a polar 
map and horizontal long-axis, vertical long-axis and 


_ short-axis slices. The left ventricle in each midplane was 


arbitrarily divided into 6 segments (18 segments/pa- 
tient), which were scored to represent normal, ischemic or 
scar tissue, based on the presence of transient or fixed 
defects. A total of 324 segments were interpreted blindly 
by 3 observers. There was agreement in 283 of 324 
(87.3%) segments in the 2 protocols. However, 24 seg- 
ments (7.4%) were read as ischemic on the rest-stress 
sequence and as scar on the stress-rest sequence, which 
emphasizes the possible overestimation of persistent de- 


_ fects when a stress-rest sequence is used. In an earlier 


study,!? the same group demonstrated the feasibility and 


_ similar diagnostic information content of a longer 2-day 


protocol when the rest injection was done first, the stress 
injection second and a comparative stress study was ob- 


tained after 24 hours. These data resulted in identical 


numbers of ischemic and fixed defects and comparable 
normal-to-abnormal count ratios on same-day and 2-day 
protocols. Nonetheless, the problem of the resting radio- 
activity potentially masking exercise defects is acknowl- 
edged by the investigator. This study is discussed in great- 
er detail by Taillefer elsewhere in this supplement.'4 
Several differences exist between the 2 approaches to 
a 1-day protocol. A summary of the 2 imaging protocols 
is shown in Figure 1. Taillefer et al!? used 260 MBq (7 


_ mCi) for the first injection and 925 MBq (25 mCi) for the 
_ second injection (activity ratio of exercise to rest of 1:3.6) 


and performed imaging 60 minutes after each injection 
with a single-head gamma camera. Buell et al!° injected 
150 MBg (4.5 mCi) and 800 MBg (21.5 mCi) (activity 
ratio of exercise to rest of 1:5.3) and performed imaging 
60 minutes after exercise but 120 minutes after the rest- 
ing injection, allowing for more decay of the residual 
activity from the first injection. The latter study also 
included quantitative analysis; however, no crossove? 
comparison of the imaging sequences (as in the Canadian 
study) was performed. Thus, it may be concluded that 
both protocols are feasible, offering high agreement of 
segmental readings and sensitivities well in the reported 
range for Tl-201 results and consistent with results of 
other studies.° It should be noted, however, that if the 
stress study is performed first with a low dose of radioac- 





TABLE I Comparison of Perfusion Index Studies During 
Exercise (PIE), Perfusion Index at Rest (PIR), and the 
Difference (Delta PI) with Visual Defect Type in 105 Vascular 
Supply Areas* 


Partially 
Reversible 
(n = 36) 


46.1 +47.7 33.5+9.9 
p <0.01 

+10.1 +46.5 +2.1 44.2 
& <0.01 

56.2 9 | 35.649.6 
p <0.01 

* All values mean + standard deviation. Adapted'With permission of Chapman & 


Hall, Ltd, publishers, from Buell et al.!° 
NS = not significant. 


Reversible 
Parameter (n = 34) 


62.449.2 

p <0.01 
Delta PI (%) +13.2 7.4 

NS 
/$.6275 

p <0.01 


PIE (%) 


PIR (%) 


TABLE Il Comparison of Perfusion Index During Exercise 
(PIE), at Rest Using 4-Hour Protocol (PIR1) and at Rest Affer 
the Third Injection at 24 Hours (PIR2) with Visual Defect Type 
in 10 Patients* 


Partially 
Reversible 


40.3 + 2.6 
60.3 + 5.2 
64.0448 


a 
Parameter (%) Reversible 


Fixed 
50.0 + 2.5 
75.343.5 
70.3+ 4.6 


32.1 £37 
34.8 + 3.5 
30.8 + 3.4 


800 MBq 
(21.5 mCi) 
rest in 


Time (minutes) 


FIGURE 1. Comparative exercise-rest 1-day protocols. 





tivity, accurate exercise ejection fraction measurements 
from the first pass may not be possible. In addition, the 
stress images may have a low count density, reducing 
image quality for this most important exercise defect 
analysis. Therefore, it seems that the imaging protocol 
used may be related to the diagnostic question asked and 
the logistics and scheduling requirements of the imaging 
department. 
@ 

TECHNETIUM-99m SESTAMIBI AND 
ASSESSMENT OF VENTRICULAR FUNCTION 
BY GATED PLANAR AND TOMOGRAPHIC 
TECHNIQUES 

Data exist from various groups in Europe studying 
simultaneous assessment of regional wall motion and per- 
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FIGURE 2. Multiple gated technetium-99m (Tc-99m) sesta- 
mibi study (top, anterior view; bottom, 70° left artterior 


oblique [LAO] view) in a pgtient with anterier (ANT) myocardi- 
al infarction. The ANT wil and the apex exhibit clear perfu- 
sion defects. The anterolateral wall shows preserved thicken- 
ing as well as the normal inferior segmants. MIBI = sestamibi. 


& 

fusion with gated planar and SPECT studies.!5-!° In a 
planar imaging study of 62 patients, Najm et al!> calcu- 
lated the radionuclide fractional shortening from the an- 
teroposterior wall axis and the septum to the lateral wall 
axis in diastole and systole and compared the results with 
the echocardiographic fractional shortening measure- 
ments. The radionuclide fractional shortening in the an- 
teroposterior axis correlated closely with echocardio- 
graphic fractional shortening (r = 0.89, p <0.001). This 
study is discussed in detail in the report by Maisey et al?° 
in this supplement. 

Marcassa et al!® studied 10 normal volunteers to de- 
velop a method for quantitating left ventricular (LV) 
regional wall thickening by gated Tc-99m sestamibi stud- 
ies and to assess the pattern of regional LV wall thicken- 
ing. Echocardiography, performed in multiple views to 
evaluate all myocardial regions, showed normal ventricu- 
lar function in all subjects. Gated radionuclide perfusion 
stedies (16 frames/R-R interval) were obtained at rest 60 
to 90 minutes after an injection of 740 MBq (20 mCi) of 
Tc-99m sestamibi. Regional systolic thickening profiles 
were calculated along 60 radii, averaged to 12 segmental 
values, of the end-diastolic and end-systolic frames ac- 
cording to the forumula: (end-systolic count profile — 
end-diastolic count profile) /(end-diastolic count profile 
+ background) X 100. 

The values of systolic thickening were recalculated in 
all subjects by the same observer on 2 occasions at least 1 
week apart and also by a second observer. The intra- and 
interobserver variability in thickening measurements was 
45.4 and +4.1%, respectively. Their data on the pattern 
of LV regianal wall thickening in normal subejcts were 
similar to echocardiographic results, as well as data ob- 
tained from cine computed tomography and nuclear 
magnetic resonance imaging. 

In an earlier study of 10 patients with myocardial 
infarction, Clausen et al!” compared a “contraction frac- 
tion,” obtained by determining the fractional increase of 
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the LV systolic count density in relation to diastolic count 
density on gated planar studies, with gated blood pool 
regional ejection fraction values and with relative infarct 
size measured by SPECT perfusion defects. The investi- 
gators found correlation coefficients of 0.87 and 0.93, 
respectively. More studies are needed before the role of 
planar gated perfusion imaging using Tc-99m sestamibi 
can be fully assessed, as there are several limitations to 
this methodology, including reduced count rates in the 
areas of perfusion defects and difficulty in delineating 
inner and outer borders of the myocardium. Functional 
count-based data, however, or a combination with ampli- 
tude analysis derived from Fourier analysis, may offer 
possible solutions for improved assessment. 

Several groups have also successfully used gated ° 
SPECT techniques for the assessment of ventricular 
function. In a preliminary study, we reported compara- 
tive data from echocardiography in 3 standard orienta- 
tions and planar or gated, or both, SPECT Tc-99m sesta- 
mibi studies in 36 patients.'* Patient examples are shown 
in Figures 2 and 3. Applying a semiquantitative wall 
motion score for both modalities, correlations were 
r = 0.759 for planar imaging and r = 0.855 for gated 
SPECT. Figure 4 shows the total correlation between 
echocardiographic assessment and Tc-99m sestamibi- 
derived functional scores with a correlation coefficient of 
r = 0.805. Imaging protocols in this study included 3- 
view gated planar studies using 16 frames /cycle after an 
injection of 185 to 370 MBg (5 to 10 mCi) of Tc-99m 
sestamibi or injection of 555 to 740 MBq (15 to 20 mCi) 
of Tc-99m sestamibi and reconstruction of 3 SPECT 
orientations using a 180° step and shoot gated SPECT 
acquisition and 18 frames/cycle condensed to 8 frames/ 
cycle for better visual analysis. 

Thus, several preliminary studies have demonstrated 
that Tc-99m sestamibi perfusion information provides 
high-quality myocardial images with adequate counting 
statistics to retrieve wall motion information. However, 
this approach to regional function assessment may have 
limitations in low-count areas, particularly if only visual 





FIGURE 3. Normal gated single photon emission computed to- 
mography study: consecutive end-diastolic (left) and end-sys- 
tolic (right) slices in horizontal long-axis orientation. Note nor- 
mal thickening and homogeneous perfusion. Transax. = trans- 
axial; other abbreviations as in Figure 2. 
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analysis is used. In addition, it is also possible to obtain 
high-quality first-pass functional data, especially with 
dedicated multicrystal instrumentation. 

Larock et al! investigated the incremental informa- 


"tion obtained from gated SPECT compared to standard 





SS 





nongated SPECT data. By comparison of diastolic and 
systolic frames, gated tomography offers the potential for 
the analysis of wall motion and wall thickening in combi- 
nation with high-contrast perfusion information. This 
might be especially useful in areas of normal or only 
slightly reduced perfusion with impaired function, or in 
areas where a perfusion defect has been “frozen” (during 
exercise or spontaneous chest pain, after an intervention 
such as percutaneous transluminal coronary angioplasty 
or before thrombolysis), and can be related to the func- 
tional status at a later time. In this scenario, the ability to 


_ Separate the time of imaging from the time of injection 


may be an additional advantage. These tracer character- 
istics have been shown to be especially important for the 
early assessment of salvaged myocardium and prediction 
of late functional recovery, as reported by several Europe- 
an groups.?!.22 

In addition, Philippe et al? explored the possibility of 
gated Tc-99m sestamibi SPECT data for LV volume 
assessment in comparison to contrast ventriculography. 
An excellent correlation was obtained between the angio- 
graphic results and those obtained from end-diastolic and 
end-systolic measurements from the gated SPECT perfu- 


sion images (r = 0.93). Grucker et al24 used contraction 


information derived from 60 radial vectors of 2 “thick” 


_ short-axis slices in each phase of the cardiac cycle, obtain- 
_ ing regional time-activity-like cuves. This approach al- 


lows for potentially more accurate sizing of the injured 
myocardium because there is no averaging between sys- 


_ tolic and diastolic activity as with TI-201 scintigraphy. 


- ‘TECHNETIUM-99m SESTAMIBI IN DOUBLE 





TRACER STUDIES 
Knapp et al?’ have reported initial experiences with 


_ simultaneous dual isotope planar studies using indium- 
_ 111 antimyosin for the demarcation of necrosis and Tc- 
_ 99m sestamibi for demarcation of the hypoperfused zone. 


The Tc-99m sestamibi images were acquired in a multi- 


_ gated mode to provide information on both wall motion 


_ and perfusion. The combined use of the indium-111 anti- 


myosin antibody and gated Tc-99m sestamibi imaging 
may allow distinction of stunned, hypoperfused and via- 
ble, and hypoperfused but nonviable zones. Similar to the 
TI-201-indium-111 antimyosin data outlined by Johnson 
et al,”° patients with “mismatch” territories (areas with 
larger perfusion defects than determined by antimydsin 
uptake or in remote segments) more frequently had fu- 
ture ischemic events than did those with matched defects? 
(perfusion defects equal in size to the region of antimyo- 
sin uptake). 


SUMMARY 
Since the introduction of Tc-99m sestamibi in Europe, 


a variety of institutions have gathered a considerable 
~ amount of experience in a large number of patients. Data 
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FIGURE 4. Correlation of comparative ventricular function as- 
sessment by gated technetium-99m sestamibi score (y axis) 
and echo score®&as a sum of segmental scor- 
ing for 3 echocardiographic orientations) demonstrates good 
agreement. RWM = regional wall motion; SEE = standard er- 
ror of the estimate; other abbreviations as in Figure 2. 


from centers participating in thegnulticenter clinical tri- 
als as well as more targeted studies indicate a whole 
spectrum of improvements and new possibilities for myo- 
cardial perfusion imaging with Tc-99m sestamibi. Sever- 
al factors, however, are likely to influence the possible 
routine use of Tc-99m sestamibi and eventual replace- 
ment of Tl-201. More extensive studies are needed in 
different patient populations to verify the accuracy of this 
agent in a variety of clinical settings. Further studies are 
also required to determine optimal imaging protocols rel- 
ative to clinical needs, develop quantification programs 
(requiring a normal database) and devise appropriate 
background subtraction algorithms. Ongoing clinical tri- 
als involving comparisons between Tl-201 and Tc-99m 
sestamibi using intravenous dipyridamole as a stress 
method must be completed to determine the clinical utili- 
ty and efficacy of this pharmacologic stress test with this 
new tracer. 

The introduction of Tc-99m sestamibi has stimulated 
extensive work in a variety of institutions worldwide. Fur- 
ther studies from multiple institutions will soon enhance 
our present knowledge about the capability of this new 
imaging tracer, and are likely to give new emphasis and 
importance to the application of cardiovascular nuclear 
medicine procedures in general and perfusion imaging in 
particular. 
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PARKE-DAVIS 


HDL 
mg/dL 


What’s a common 
denominator 


of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 





A powertul 
case for 
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gemfibrozil) sons 





Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 meg/dL)3 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population’ 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type llb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction, J Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster 
Trial. Zürich: Panscientia verlag: 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jaattela A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am | Cardiol. 
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_ CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 


id? (Gemfibrozil Capsules and Tablet) 00 
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i 


biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 
_ 3, Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 


- due to a 33% increase in noncardiovascular causes, including malignancy, post- 


cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

in the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 112 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 





Frequent prothrombin determinations are advisable until it has been definitely determined 


that the prothrombin level has stabilized. 


5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 


rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in.a high proportion of cases to acute renal failure. In most subjects who have 


had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 


therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy shoulc be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 


_ THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
-PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
_ DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
4. Carcinogenesis, 


Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 


be -dence of benign liver nodules and liver carcinomas was significantly increased in high 
_ dose male rats. The incidence of liver carcinomas increased also in low dose males, 


aed but this increase was not statistically significant (p=0.1). In high dose female rats, there 
Was a: 


ificant increase in the combined incidence of benign, and malignant liver 


neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than Wi 
shown to be carcinogenic with other fibrates. n AATE 

Male rats had a dose-related and statistically significant increase af benign Leydig cel 
tumors at 1 and 10 times the human dose. 3 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. | 

Administration of approximately three or ten times the human dose to male rats for 10 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that th 
affect was reversed after a drug-free period of about eight weeks, and it was not transmi 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm t 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observe 
at the high dose levels. No:significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic 
maleand female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinu: 
the drug, taking into account theimportance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decraases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 month 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including elev 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin. and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid thera’ 
should be terminated if abnormalities persi 

9. Use in Children — Safety and efficacy 
children have not been established. 
ADVERSE REACTIONS. In the double-bli 
controlled phase of the Helsinki Heart Stud 
2046 patients received Lopid for up to 5 yea 
In that study, the following adverse reaction 
were statistically more frequent in subjects | 
the Lopid group (placebo incidence in pare 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5% 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 19% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1 1%), 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, : 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects bu’ 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebia!l hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrencs 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) w 
more common in gemfibrozil-treated patients inother controlled clinical trials of 805 patier 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatas 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- i 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. l 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasy: 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Centra! Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility 
Clinical Laboratory: positive antinuclear antibody; Hematopaietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia.. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg — 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and declin 
in the incidence cf coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherite 
Disease, 5th ed., McGraw-Hill, 1983, Cnap De ee te 
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CORONARY ARTERY DISEASE 


ge ROR ATE DT TSE Sea OE at ESAR 
Exercise Test Predictors of Ambulatory Silent Ischemia 
During Daily Life in Stable Angina Pectoris 

Prakash C. Deedwania and Enrique V. Carbajal, with the 
technical assistance of Kippur Sears 


Which exercise test parameters have the highest predictive val- 
ue for identifying patients at risk for silent ischemia in day-to- 
day life? Using simple mathematic formulas, we found early 
onset of ischemia, peak heart rate and peak systolic blood pres- 
sure during exercise testing to be the most significant parame- 
ters for patients with coronary artery disease and angina 


pectoris. 


1157 
Effects of Theophylline, Atenolol and Their 

on Myocardial Ischemia in Stable Angina 
Pectoris 


Filippo Crea, Giuseppe Pupita, Alfredo R. Galassi, Hassan El- 
Tamimi, Juan Carlos Kaski, Graham J. Davies, and Attilio 
Maseri 





We studied the effects of theophylline, atenolol and their com- 
bination on myocardial ischemia in 9 patients with stable angi- 
na pectoris in a randomized, single-blind, triple crossover trial. 
Long-term administration of theophylline improves myocardi- 
al ischemia, but to a lesser degree than atenolol. The combina- 
tion of theophylline and atenolol did not show detectable addi- 
tive effects. 


SESE EPS ga a a 
Transient Left Ventricular Cavitary Dilation During 
Dipyridamole-Thallium Imaging as an Indicator of 
Severe Coronary Artery Disease 

Jean Lette, Jacques Lapointe, David Waters, Michel Cerino, 
Michel Picard, and André Gagnon 


Transient left ventricular cavitary dilation was seen in 45 of 
510 consecutive patients referred for dipyridamole-thallium 
imaging. This study shows that transient LV dilation during 
dipyridamole-thallium imaging is a marker of severe underly- 
ing coronary artery disease and denotes a poor prognosis. 


1171 

Effects of Two Types of Fish Oil Supplements on 

Serum Lipids and Plasma Phospholipid Fatty Acids in 
Artery Disease 


Gregg J. Reis, David |. Silverman, Theresa M. Boucher, Mary 
Ellen Sipperly, Gary L. Horowitz, Frank M. Sacks, and 
Richard C. Pasternak 


In a placebo-controlled study, we examined the effects of 6 
months of fish oil administration in 89 patients with coronary 
artery disease. Our results indicate that fish oil administration 
in patients with coronary artery disease is associated with po- 
tentially adverse changes in serum lipids. 
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EN ER OP MS E ee 
Predictive Value of Lipoprotein (a) and Other Serum 
Lipoproteins in the Angiographic Diagnosis of 
Coronary Artery Disease 

James A. Hearn, Samuel J. DeMaio, Jr., Gary S. Roubin, 
Margareta Hammarstrom, and Demetrios Sgoutas 


To assess the value of serum lipoproteins in predicting coro- 
nary artery disease, we assayed lipoproteins in 213 patients 
undergoing diagnostic angiography and assayed lipoprotein (a) 
in a subset of 98 CAD patients. When parameters including 
Lp(a) were analyzed by multivariate comparison, Lp(a) and 
the ratio of high-density lipoprotein to total cholesterol proved 
to be the best predictors of CAD. 


(A 5 SRT E VOICED kl ee Res oh ey 
Voltage Criteria of Left Ventricular Hypertrophy in 
Sudden and Nonsudden Coronary Artery Disease 
Mortality: The Italian Section of the Seven Countries 
Study 

Mariapaola Lanti, Paolo Emilio Puddu, and Alessandro 
Menotti 


Of 1,588 persons without demonstrable coronary artery dis- 
ease, 67 died suddenly and 87 died a nonsudden CAD death 
during the subsequent 20 to 23 years of follow-up. When a set 
of entry characteristics were analyzed, the 12-lead QRS volt- 
age sum retained significant and independent relation to sud- 
den death, whereas the Sokolow-Lyon index and ST-T alter- 
ations were associated with nonsudden CAD death. 


1186 

Videodensitometry Versus Digital Calipers for 
Quantitative Coronary Angiography 

Hendrik du T. Theron, Charles R. Lambert, and Carl J. 
Pepine 


We performed a prospective comparison of handheld digital 
caliper and computer-assisted videodensitometric analyses of 
coronary angiograms. We observed excellent correlations be- 
tween area and diameter determinations between both meth- 
ods, and more variability between caliper and videodensitome- 
tric area measurements in larger vessels. Intra- and interob- 
server variability was low for both methods. 


bt ES RE See LS SPO EY Nm La 
Frequency of Myocardial Indium-111 Antimyosin 
Uptake After Uncomplicated Coronary Artery Bypass 
Grafting 

Bob van Vlies, Eric A. van Royen, Cees A. Visser, Nico G. 
Meyne, Monique M. G. van Buul, Ron J. G. Peters, and Arend 
J. Dunning 


In 19 (82%) of 23 consecutive patients in whom indium-111 
antimyosin scintigraphy specific for myocardial necrosis was 
performed after coronary artery bypass grafting, myocardial 
uptake was present, indicative of some degree of damage. 
Though no relation was found among uptake and ST-T 
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changes, isoenzyme levels, and duration of aortic cross-clamp- 
ing and cardiopulmonary bypass, it is apparent that myocardi- 
al damage, though silent, is common after uncomplicated by- 
pass grafting. 


Ss nS Oo 
Usefulness of High-Frequency Analysis of Signal- 
Electrocardiograms in Acute 


Bernardino Tranchesi, Jr., Marc Verstraete, Frans Van de 
Werf, Cicero P. de Albuquerque, Bruno Caramelli, Otavio C. 
Gebara, Wagner |. Pereira, Paulo Moffa, Giovanni Bellotti, 
and Fulvio Pileggi 


We studied the incidence of late potentials before and after 
coronary thrombolysis in 54 patients with acute myocardial 
infarction. Coronary reperfusion reduces the incidence of late 
potentials and improves electrical stability of the heart; sensi- 
tivity and specificity of this finding are not high enough for 
reliable bedside monitoring of coronary reperfusion. 


Me SAS. Gea on ber ae Se ee ee 
Time Course and Prognostic Significance of Serial 
Signal-Averaged Electrocardiograms After a First 
Acute Myocardial Infarction 

Luz M. Rodriguez, Ruud Krijne, Adri van den Dool, Pedro 
Brugada, Joep Smeets, and Hein J.J. Wellens 


We prospectively assessed serial signal-averaged electrocardio- 
grams recorded during | of the first 3 days, the second week 
and 6 months after a first myocardial infarction. Left ventricu- 
lar ejection fraction is the strongest predictor of sustained ven- 
tricular tachycardia and ventricular fibrillation followed by du- 
ration of QRS complex recorded on 1 of the first 3 days of 
acute myocardial infarction. Sudden death was only predicted 
by left ventricular ejection fraction. 


a I Coe te ES N ETE TEONE fe lS 
Prognostic Value of Predischarge Low-Level Exercise 
Thallium Testing After Thrombolytic Treatment of 
Acute Myocardial Infarction 

Peter L. Tilkemeier, Timothy E. Guiney, Paul J. LaRaia, and 
Charles A. Boucher 


We evaluated 67 patients after acute reperfusion therapy for 
acute myocardial infarction and 107 patients without acute 
intervention, using predischarge low-level thallium testing, and 
followed them for a mean of 367 days for repeat cardiac 
events. Tests presumed to be useful after an AMI may not 
have similar prognostic usefulness after acute intervention af- 
ter an AMI. 


Jo A a. 

Prognosis of Acute Myocardial Infarction Complicated 
Primary Ventricular Fibrillation 

Solomon Behar, Uri Goldbourt, Henrietta Reicher-Reiss, 

Elieser Kaplinsky, and the Principal Investigators of the 

SPRINT Study 


The incidence of primary ventricular fibrillation in 5,839 con- 
secutive patients with acute myocardial infarction was 2.1%. 
In-hospital mortality rate was 18.8% in 122 patients with pri- 
mary VF compared with 8.5% in 3,707 patients forming the 
reference group. Primary VF exerts an independent, signifi- 
cant effect on in-hospital mortality. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1212 

Usefulness of Labetalol in Chronic Atrial Fibrillation 
Cheuk-Kit Wong, Chu-Pak Lau, Wing-Hung Leung, and Chun- 
Ho Cheng 


To see if labetalol—a 8 blocker with a-blocking properties— 
would control heart rate without decreasing exercise tolerance 
in patients with chronic atrial fibrillation without underlying 
structural heart disease, we studied 10 patients in a 4-phase, 
double-blind exercise and electrocardiographic comparison of 
labetalol, in full dose or as an adjunct to digoxin, placebo and 
digoxin monotherapy. 


1216 a es 
Usefulness of Combined Propranolol and Verapamil for 
Evaluation of Surgical Ablation of Accessory 
Atrioventricular Connections in Patients Without 
Structural Heart Disease 

Simén Milstein, Ann Dunnigan, Jeffrey Buetikofer, David G. 
Benditt, Jane Crosson, and Edgar Pineda 


In 17 patients undergoing surgical ablation of accessory con- 
nection, we gave combined intravenous propranolol and vera- 
pamil pre- and postoperatively. Our results indicate that the 
combined administration of propranolol and verapamil may 
prove helpful for differentiating between retrograde atrioven- 
tricular nodal and residual accessory connection conduction 
during early postoperative assessment of patients undergoing 
surgery for accessory AV connection ablation. 


1222 a reg PEATEELE feted abe Te ME SIE YS fe 
Long-Term Effect of Mexiletine on Left Ventricular 
Function and Relation to Suppression of Ventricular 
Arrhythmia 

Steven Singh, Richard Klein, Brian Eisenberg, Edward 
Hughes, Margaret Shand, and Pat Doherty, with the 
technical assistance of Gerhard Sharon 


The effects of oral mexiletine on left ventricular ejection frac- 
tion and ventricular arrhythmias were evaluated during 3 
months of therapy in 29 patients with ventricular premature 
complexes and a moderately reduced LVEF. Long-term use of 
mexiletine is efficacious and relatively free of cardiac depres- 
sant effects even in patients with diminished LV function. 


SYSTEMIC HYPERTENSION 


by) ES test, SON Se PRR O Pein ESN E r ae od - 
Effectiveness of the Once-Daily Calcium Antagonist, 
Lacidipine, in Controlling 24-Hour Ambulatory Blood 
Pressure 


Mary E. Heber, Paul A. Broadhurst, Geoffrey S. Brigden, and 
Edward B. Raftery 


The efficacy of the new once-daily dihydropyridine calcium 
antagonist lacidipine in reducing ambulatory intraarterial 
blood pressure was assessed in 12 untreated hypertensive pa- 
tients. Blood pressure was reduced throughout the 24-hour pe- 
riod, there was no postural hypotension, and there was success- 
ful attenuation of the pressor response to isometric and dynam- 
ic exercise. 


CONGENITAL HEART DISEASE 


OE O MS SS ee 
Atenolol Therapy for Exercise-induced Hypertension 
After Aortic Coarctation R 

Rae-Ellen W. Kavey, John L. Cotton, and Marie S. Blackman 


There is a high incidence of premature cardiovascular disease 
after coarctation repair even when surgery has eliminated rest- 
ing arm/leg gradients. Exercise-induced upper body systolic 
hypertension, a well-documented postoperative finding, may 
contribute to the etiology of this. In 9 of 10 children reported 
here, treatment with cardioselective 8 blockade eliminated the 
hypertensive upper body response to exercise. In theory, this 


should reduce the risk of premature coronary artery disease. 
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MISCELLANEOUS 


a E a E a a a 
Risk of Cardiovascular Mortality in Alcohol Drinkers, 
Ex-Drinkers and Nondrinkers 

Arthur L. Klatsky, Mary Anne Armstrong, and Gary D. 
Friedman 


The results of this study of 1,002 cardiovascular deaths among 
123,840 persons indirectly support the thesis that lighter 
amounts of alcohol have a protective effect against coronary 
artery disease. Although the risk of death from all causes was 
highest among those who drank large amounts of alcohol, per- 
sons who usually take up to 1 to 2 drinks per day should not be 
advised to abstain from alcohol in order to reduce their risk of 
cardiovascular death. 


ES AE AEE E N A EN E E E 
Subnormal Parasympathetic Activity After Cardiac 

Tr 

Michael L. Smith, Kenneth A. Ellenbogen, Dwain L. Eckberg, 
Helen M. Sheehan, and Marc D. Thames 


Heart period variability was measured in 18 patients with con- 
gestive heart failure before and after cardiac transplantation 
and in 16 age-matched control subjects. In the denervated do- 
nor atria, this variability did not change from early to late 
posttransplantation, suggesting that vagal reinnervation of the 
donor heart had not occurred. Data indicate that baseline 
parasympathetic activity does not increase significantly during 
the first month after transplantation but increases significantly 
between months 3 and 6. 


SE Ry a ee 
Natural History of Cardiac Rhabdomyoma in Infancy 
and Childhood 

John F. Smythe, John D. Dyck, Jeffrey F. Smallhorn, and 
Robert M. Freedom 


We reviewed our experience with rhabdomyoma in infancy 
over a 20-year period. Results suggest that pediatric cardiac 
rhabdomyoma is most often a benign condition in which spon- 
taneous regression is the rule. Surgery is recommended only 
for patients with refractory dysrhythmias or severe hemody- 
namic compromise. 
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sani a) Ser ee 
Is the Term “Tricuspid Atresia” Appropriate? 


P. Syamasundar Rao 
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Supported Coronary Angioplasty and Standby 
Supported Coronary Angioplasty for High-Risk 
Coronary Artery Disease 

Carl L. Tommaso, Rodney A. Johnson, J. Lawrence Stafford, 
Albert R. Zoda, and Robert A. Vogel 


Rae ES ee) Oe, Se eee 
Prognosis of Congestive Heart Failure in Elderly 
Patients with Normal Versus Abnormal Left 
Ventricular Systolic Function Associated with Coronary 
Artery Disease 

Wilbert S. Aronow, Chul Ahn, and Itzhak Kronzon 


1259 
Delayed Coronary i After Thrombolytic 
Therapy for Acute Myocardial Infarction 


Thomas Little, Kenneth Lee, Diane Mukherjee, Mark Milner, 
Joseph Lindsay, Jr., and Augusto D. Pichard 


ROB 8 ee Se 
Natural History of Posterobasal Left Ventricular 

sm 
Morteza Amidi, Steven Royal, Edward Curtiss, and Maureen 
Puskar 


1262 

Physician Attitudes Toward the Use of Type IC 
Antiarrhythmics After the Cardiac Arrhythmia 
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ANTIANGINA 


-= BALANCED 
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RESISTANCE 


* CARDIZEM (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery spasm and in the management of 
Chronic stable angina (classic effort-associated angina) in patients who 
cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
symptomatic despite adequate doses of these agents. 

a 4) Í ‘ tj 


Oi ict co wytiants with Cb 





PROTECTION AND SAFETY 


Cardizem increases coronary 
blood flow Aiii 


—giving patients more pain-free days'*"?* 


Cardizem often achieves desirable 


reductions in hear rate’’*” 
— without slowing patients down 


N, Cardizem decreases peripheral 
am resistance and myocardial 
work load“ 
—so patients can do more 


Cardizem has little or no effect on 

myocardial contractile force’ 

—with virtually no clinically significant 
negative inotropic effect in patients 
with normal LV function**** 


BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM 


alitiazem HCI hana 


Please see brief summary of prescribing information on next page. 


ANDA nr 
6432 Wu 





MAKING THE DIFFERENCE IN ANGINA 
Oo = aiid 


BRIEF SUMMARY 


CARDIZEM * 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pace- 
maker, (2) patients with second- or third-degree AV block except in 
the presence of a functioning ventricular pacemaker, (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
have demonstrated hypersensitivity to the drug, and (5) patients 
with acute myocardial infarction and pulmonary congestion docu- 
mented by x-ray on admission. 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%) Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's an- 
gina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemody- 
namic studies in humans with normal ventricular function have 
not shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in pa- 
tients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have 
been noted. These reactions have been reversible upon discon- 
tinuation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. As 
with any drug given over prolonged periods, laboratory parameters 
should be monitored at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic tunction. In 
subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic dam- 
age. In special subacute hepatic studies, oral doses of 125 mg/kg 
and higher in rats were associated with histological changes in the 
liver which were reversible when the drug was discontinued. In 
dogs, doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with continued 
dosing. 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema mul- 
tiforme and/or exfoliative dermatitis have also been infrequently 
reported. Should @ dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affect cardiac contractility 
and/or conduction. (See WARNINGS. ) 

Pharmacologic:studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, core should be exercised when treating pa- 
tients with multiple medications. CARDIZEM undergoes biotrans- 
formation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow the 
enama route af hintransfarmatinn mav result in the competitive 








diltiazem HCI 





60 mg 90 mg 120 mg 


inhibition of metabolism. Dosages of similariy metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when starting 
or stopping concomitantly administered CARDIZEM to maintain 
optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 

gest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administrction of CARDIZEM (diltiazem hydrochloride) concom- 
itantly with propranolol in five normal volunteers resulted in in- 
creased propranolol levels in al! subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn inconjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) aftera |-week course of cimetidine at 
1.200 mg per day and diltiazem 60 mg per day. Ranitidine pro- 
duced smaller, nonsignificant increases. The effect may be me- 
diated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem ther- 
apy should be carefully monitored for a change in pharmacological 
effect when initiating and discontinuing therapy with cimetidine. An 
adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
intiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalizction. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, conducti- 
vity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers. 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits Adrninistratien of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommendec therapeutic dose has resulted in embryo and fetal 
lethality, These doses, in some studies, have been reported to 
cause skeletal abnormalities. In the perinatci/postnatal studies, 
there was some reduction in early individua! pup weights and 
survival rates. There was on increased incidence of stillbirths at 
doses of 20 times the human dose or greater. 





Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM vac: 








There are no well-controlled studies in pregnant women; there- 
fore. use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approximate 
serum levels. If use of CARDIZEM is deemed essential, an alterna- 
tive method of infant feeding should be instituted. 

Pediatric Use. Screty and effectiveness in children have not been 
established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventric- 
ular function and cardiac conduction abnormalities have usually 
been excluded. 

in domestic placebo-centrolled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placedo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacol- 
ogy of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occur- 
rences as well as their frequency of presentation are: edema 
(2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), 
rash (1.3%), asthenia (1.2%). In addition, the following events 
were reported infrequently (less than 1%): 

Cardiovascular: Angina arrhythmia, AV biock (first degree), AV 
block (second or third degree — see conduc- 
tion warning), bradycardia, ive heart 
failure, flushing, hypotension, palpitations, 
syncope. DHO | 

Nervous System: Amnesia, depression, gait abnormality, halluci- 
nctions, insomnia, nervousness, paresthesia, 
personality change, somnolence, tinnitus, 
tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), vomiting, weight increase. 

Dermatologic:  Petechiae, pruritus, photosensitivity, urticaria. 

Other: Amblyapia, CPK elevation, dyspnea, epistaxis, 
eye irritation, hyperglycemia, nasal congestion, 
nocturia, osteoarticular pain, polyuria, sexual 
difficulties. 

The following postmarketing events have been reported infre- 
quently in patients receiving CARDIZEM. alopecia, gingival hyper- 
plasic, erythema multiforme, and leukopenia. However, a definitive 
cause and effect between these events and CARDIZEM therapy is yet 
to be established. 
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CORONARY ARTERY DISEASE 


Sy Rane E, E A EEE ER aN O CE E AAR, E N EF 
Exercise Test Predictors of Ambulatory Silent Ischemia During 
Daily Life in Stable Angina Pectoris 

Prakash C. Deedwania and Enrique V. Carbajal, with the technical 
assistance of Kippur Spears 


Several exercise test parameters were examined for their ability to predict 
risk of ambulatory silent ischemia. Of 86 patients with coronary artery 
disease, stable angina and a positive exercise test, 39 (45%, group 1) had 
>1 episodes of transient ischemia and 47 (group 2) did not develop ST 
changes during ambulatory electrocardiographic monitoring. Comparison 
of exercise parameters revealed significant differences between patients 
with and without ambulatory silent ischemia. Although the peak heart 
rate (p <0.05) and peak systolic blood pressure (p <0.01) were signifi- 
cantly lower in the group | patients, the onset of ischemia during exercise 
was found to be the most important (p <0.0005) predictor. There was a 
significant (p <0.005, r = —0.32) correlation between the earlier onset of 
exercise-induced ischemia and the duration of ambulatory silent ischemia. 
Simple mathematic formulas for calculating the risk of ambulatory silent 
ischemia are provided. 


HET SS Se PORE re a e Pees TE OR Pe al 
Effects of Theophylline, Atenolol and Their Combination on 
Myocardial Ischemia in Stable Angina Pectoris 

Filippo Crea, Giuseppe Pupita, Alfredo R. Galassi, Hassan El-Tamimi, Juan 
Carlos Kaski, Graham J. Davies, and Attilio Maseri 


The effects of theophylline (400 mg twice a day), atenolol (50 mg twice a 
day) and their combination on myocardial ischemia were studied in 9 
patients with stable angina pectoris in a randomized, single-blind, triple 
crossover trial. Placebo was administered to patients during the run-in and 
the run-off periods. A treadmill exercise test and 24-hour ambulatory 
electrocardiographic monitoring were obtained at the end of each treat- 
ment period. Theophylline, compared with placebo, significantly im- 
proved the time to onset of myocardial ischemia and the exercise duration. 
During atenolol and during combination treatment the time to onset of 
ischemia and the exercise duration were similar and significantly longer 
than during theophylline administration. During ambulatory electrocar- 
diographic monitoring theophylline, compared with placebo, significantly 
decreased the total ischemic time. During combination treatment the total 
ischemic time was not different from that during atenolol, although it was 


Continued on page A18 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. |INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERA is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LACapsules (60, 80, 120, and 160 mg) release propranolol HCl ata controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the eg are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
oe period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
ally. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same cose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
hypertension or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Li garting es INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: |NDERAL LA is indicated for the 
long-term management of patients with angina pectoris 

Migraine: ERAL LA is indicated for the prophylaxis of common migraine headache. 
The effica oat tae boa in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

vic Subaortic Stenosis: |NDERAL LA is useful in the management of hyper- 

trophic subaortic stenosis, wi day r treatment of exertional or other stress-induced 
angina, palpitations, and emoon INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade ihe precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
abr ae eanga: blocking agents do not abolish the inotropic action of digitalis on 
eart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, oran ng abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL ieee interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it ma 
be prudent to follow the above advice in patients considered at risk of having occu 
atherosclerotic heart disease who are given propranolol for other indications. 
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Nonallergic rahi TS eM IS lon ens bronchitis, “ngirer ses PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced b he veh and exagenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension. 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 

ES AND HYPOGLYCEMIA: Beta biockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, sate withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasin nd reverse T3, and coaeadogT Pe 

IN PATIENTS WITH WOLFF-PARKINSON Hit E SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring 4 demand pacemaker In one case, this resulted after an initial dose of § mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
= hepatic or renal function. INDERAL (propranolol HCI) is notindicated for the treatment of 
ypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead toa 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HC’) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tart intravenous use of a beta blocker and verapami’ has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
prep ane 

hyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination anc 
increasing blood levels. 
seat et a clearance is reduced when used concomitantly with ee ranolol. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies ir 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18: 
month studies in both rats and mice, employing doses up to 150 mg oy: there was nc 
evidence of significant drug-induced toxicity. There were no segre tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment o 
rai that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic ir 
animal studies at doses about 10times greater than the maximum recommended human dose 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used anap menopos if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercisec 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 
ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten: 
eon ie aan of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
naud type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visua 
disturbances; hallucinations; vivid dreams; ar 
acute reversible syndrome characterized D) 
disorientation for time and place, short-tern 
memory loss, emotional lability, slighth 
clouded sensorium, and decreased perfor 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivic 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas 
tric distress, abdominal cramping, diarrhea 
constipation, mesenteric arterial thrombosis 
ischemic colitis. 

Allergic: Pharyngitis and 2s de osis 
erythematous rash, fever combined with ach 
ing and sore throat, laryngospasm and respira 
tory distress. 






60mg 80mg 120mg 160mg 


HE 


Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpuré 

ve So n extremely rare instances, systemic lupus erythematosus has bee 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence 
and Peyronie's disease have been reported rarely Oculomucocutaneous reactions involvin: 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have nc 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride in 
sustained-release capsule for administration once daily. If patients are switched from INDERA 
Tablets to INDERAL LA gules, care should be taken to assure that the desired therapeuti 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute fc 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration ma 
be necessary, pare to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 m 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may b 
increased to 120 mg once daily or higher until adequate blood-pressure control is achievec 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 64 
mg may be required. The time needed for full hypertensive response to a given dosage i 
variable and may range from a few days to severa! weeks. 

ANGINA PECTORIS —Dosage must be individualized. Starting with 80 mg INDERAL L. 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimi 
response is obtained. Although individual patients may respond at any dosage level, th 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value an 
safety of dosage exceeding 320 mg per day havernot been estab ished. 
ae Koant is to be discontinued, reduce dosage gradually over a period of a few weeks (se 

MIGRAINE —Dosa e must be individualized. The initial oral dose is 80 mg INDERAL L 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may £ 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response isn 
obtained within four to six weeks after ae | the maximal dose, INDERAL LA arap shoul 
be discontinued. It may be advisable to withdraw the drug gradually over a period of sever 


weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS —80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are tc 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratorie 
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No two are exactly alike. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 


To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
anufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 
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significantly lower than that observed during theophylline. Thus, in pa- 
tients with stable angina pectoris long-term oral administration of theoph- 
ylline improved myocardial ischemia, but to a lesser degree than ateno- 
lol. The combination of theophylline and atenolol did not show detectable 
additive effects. 


1163 
Transient Left Ventricular Cavitary Dilation During 
Dipyridamole-Thallium Imaging as an Indicator of Severe 
Coronary Artery Disease 

Jean Lette, Jacques Lapointe, David Waters, Michel Cerino, Michel 
Picard, and André Gagnon 





Transient left ventricular (LV) cavitary dilation was observed in 45 (9%) 
of 510 consecutive patients referred for dipyridamole-thallium imaging. 
Coronary angiography was performed in 32 patients: 75% had either left 
main, 3-vessel or “high-risk” 2-vessel coronary artery disease. Although 
25 of 45 patients (56%) were either asymptomatic or had grade 1 /4 effort 
angina, 16 of 25 (64%) with transient cavitary dilation who did not 
undergo coronary revascularization sustained a cardiac event (nonfatal 
myocardial infarction or cardiac death) after a mean follow-up of 12 
months. There was a 58% postoperative cardiac event rate in 12 patients 
with reversible cavitary dilation who underwent noncardiac surgery. 
Transient LV dilation during dipyridamole-thallium imaging is a marker 
of severe underlying coronary artery disease and denotes a poor prognosis. 


1171 
Effects of Two Types of Fish Oil Supplements on Serum Lipids 
and Plasma Phospholipid Fatty Acids in Coronary Artery 
Disease 

Gregg J. Reis, David |. Silverman, Theresa M. Boucher, Mary Ellen 
Sipperly, Gary L. Horowitz, Frank M. Sacks, and Richard C. Pasternak 





The effects of fish oil supplementation on serum lipids remain controver- 
sial. This placebo-controlled study examined the effects of 6 months of fish 
oil administration in 89 patients with coronary artery disease. Subjects 
were randomly assigned to receive 12 capsules/day containing | of 2 types 
of fish oil, or olive oil. Triglyceride levels decreased by 28 to 32%, and low- 
density lipoprotein (LDL) cholesterol levels increased by 3 to 12% in the 
fish oil groups. The changes were most pronounced in hypertriglycer- 
idemic subjects, in whom LDL cholesterol increased by 14 to 23%, Plasma 
levels of eicosapentaenoic acid increased by fivefold in the fish oil groups. 
The increase in LDL cholesterol was weakly correlated with achieved 
eicosapentaenoic acid level. Fish oil administration in patients with coro- 
nary artery disease is associated with potentially adverse changes in serum 
lipids. 


Continued on page A23 
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Dependable Wy 
prey 


Around 
a Ae B I D 


Twice-a-day dosing* to make life easier for your arrhythmia patients. That’s the 
Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 








*Some patients may require t.i.d. dosing. 
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(Quinidine Sulfate Extended- 
as Tablets, USP) 300 mg 
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Please see adjacent page for brief summary, 


EXTENTABS’ 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary only. Before prescribing, see complete prescribing 
information in Quinidex product labeling. 

Contraindications: Intraventricular conduction defects. Complete A-V dlock. A-V 
conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 
related cinchona derivatives. Myasthenia gravis 

Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior to administration of quinidine 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored tor digitalis toxicity. Reduction at 
digoxin dosage may have te be considered 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the OT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
immediate discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

in susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiec function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
caution in the presence of digitalis intoxication 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 

Patients taking quinidine occasionally have syncopal episodes which usually result 
from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

Precautions: Generai—All the precautions applying to regular qu:nidine therapy 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
rare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, arid determination of 
serum quinidine levels are indicated when large coses of quinidine are used or with 
patients who present an increased risk. 

Information for Patients—As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preterably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests—Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs. 

a Interactions 


rug Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare. Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-lite of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increasec serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increasec serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine haif-lite and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 
Carci is: Studies in animals have not been pertormed to evaluate the carcino- 


nogenesis 
genic potential of quinidine. 

Pregnancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction 
studies have not been conducted with quinidine There are no adequate and well- 
controlled studies in pregnant women. Quinidex Extentabs should be administered to a 
pregnant woman only if clearly indicated. 

interatogenic Effects: Like quinine, quinidine has been reported to have oxylocic 
porga ag significance of this property in the clinical setting has not been 
i : 

Labor and Delivery —There is no known use tor Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxytocic properties. The 
significance of this property in the clinical setting has not been established 

Nursing Mothers—Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman. 

Pediatric Use—There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children. 

Reactions: Symptoms of cinchonism, such as wn in the ears, loss of 
nearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 

Gastrointestinal —Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 

Cardiovascular— Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the QRS complex and prolonged QT interva’; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsace de pointes; 


Central Nervous System Halacha, vertigo, apprehension, excitement, 
contusion, delirium, dementia, ataxia, depression. 

Ophthalmologic and Otologic— Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, 
photophobia, diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

— Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity—Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, vasculitis. 

—T| ja, thrombocytopenic purpura, sanen, 
acute anemia, ombinemia leukocytosis, shift to eft in 


, Neutropenia 
p amaes li lupus erythematosus, lupus nephritis, 
Miscellaneous—Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. 
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IMAGE QUALITY 








———————————— 
Put our SSH-140A Cardiovascular Ultrasound System to the test. On video, cine, live. In the lab, OR, ICU, 
or bedside. Because when it comes to a Screen Test, only you can determine Image Quality. Look into our 
superior image quality in 2-D, spectral and color Doppler. They are without compromise. And they're from 
the same small-footprint transducer whose wide bandwidth provides greater penetration and contrast 
resolution at any frequency (which allows us to visualize the endocardium more clearly and perform 
superior stress echo). Compare the total picture. Side-by-side. Head-to-head. Any way you look at it. When 
you judge Image Quality, Portability, Technology and Reliability—Toshiba is the only system that stands 


the test. So give us a call at 1-800-426-6026. We'll give you a demo that will really open your eyes. 
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1176 

Predictive Value of Lipoprotein (a) and Other Serum 
Lipoproteins in the Angiographic Diagnosis of Coronary Artery 
Disease 

James A. Hearn, Samuel J. DeMaio, Jr., Gary S. Roubin, Margareta 
Hammarstrom, and Demetrios Sgoutas 


Associations among age, gender, hypertension and other risk factors with 
coronary artery disease (CAD) were studied in 213 patients undergoing 
angiography with measurements made with the aid of digital calipers. All 
risk factors except gender, hypertension, diabetes mellitus and cigarette 
smoking were univariate predictors of CAD. Multivariate predictors for 
CAD were family history, age, high-density lipoprotein cholesterol, total 
cholesterol and apolipoprotein (apo) B. When lipoprotein (a) [Lp(a)] was 
included (in 98 patients of the 192 with CAD), multivariate predictors for 
CAD were age, family history, apo B and Lp(a). Lipid parameters alone 
showed the high-density lipoprotein /total cholesterol ratio and Lp(a) to 
be the best discriminators. 


| 3 8 SUE Ee oa a eee Ma oe eg 
Voltage Criteria of Left Ventricular Hypertrophy in Sudden and 
Nonsudden Coronary Artery Disease Mortality: The Italian 
Section of the Seven Countries Study 

Mariapaola Lanti, Paolo Emilio Puddu, and Alessandro Menotti 


Of 1,588 persons free of demonstrable coronary artery disease (CAD) at 
entry examination in 1962, 67 died suddenly and 87 died a nonsudden 
CAD death during the subsequent 20 to 23 years of follow-up. When a set 
of entry characteristics were analyzed, including mean blood pressure and 
ST-T abnormalities, and 3 voltage criteria of left ventricular (LV) hyper- 
trophy, the 12-lead QRS voltage sum retained significant and independent 
relation to sudden death (t = 2.00), whereas the Sokolow-Lyon index and 
ST-T alterations were associated with nonsudden CAD death (t = —2.10 
and t = 2.19, respectively). This investigation points to the usefulness of 
the electrocardiogram and to derived voltage criteria of LV hypertrophy 
for risk stratification in apparently healthy persons during long-term fol- 
low-up. 


Barc a as i E n A 
Videodensitometry Versus Digital Calipers for Quantitative 
Coronary Angiography 

Hendrik du T. Theron, Charles R. Lambert, and Carl J. Pepine 


A prospective comparison of handheld digital caliper and computer-assist- 
ed videodensitometric (Vanguard XR-70) analyses of coronary angio- 
grams was performed. Excellent correlations were observed between area 
and diameter determinations between both methods. More variability 
between caliper and videodensitometric area measurements was observed 
in larger vessels. Intra- and interobserver variability was low for both 
methods. 
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ch) o eed ee ee ie AR aS AAS ER S 
Frequency of Myocardial Indium-111 Antimyosin Uptake After 
Uncomplicated Coronary Artery Bypass Grafting 

Bob van Vlies, Eric A. van Royen, Cees A. Visser, Nico G. Meyne, 
Monique M. G. van Buul, Ron J. G. Peters, and Arend J. Dunning 


Indium-111 antimyosin scintigraphy, specific for myocardial necrosis, 
was performed in 23 consecutive patients after uncomplicated coronary 
bypass grafting. Before surgery all patients had stable angina and no 
history of myocardial infarction. In 19 patients (82%), myocardial uptake 
of indium-111 antimyosin was present, indicative of some degree of myo- 
cardial damage. No relation was found among antimyosin uptake and 
electrocardiographic changes, isoenzyme levels and duration of both aor- 
tic cross-clamping and cardiopulmonary bypass. It is concluded that myo- 
cardial damage to some extent, though silent, is common after uncompli- 
cated bypass grafting. 


1196. a eee 
Usefulness of High-Frequency Analysis of Signal-Averaged 
Surface Electrocardiograms in Acute Myocardial Infarction 
Before and After Coronary Thrombolysis for Assessing 
Coronary Reperfusion 

Bernardino Tranchesi, Jr., Marc Verstraete, Frans Van de Werf, Cicero P. 
de Albuquerque, Bruno Caramelli, Otavio C. Gebara, Wagner I. Pereira, 
Paulo Moffa, Giovanni Bellotti, and Fulvio Pileggi 


A significant 50% relative reduction in the incidence of late potentials on 
the signal-averaged electrocardiogram was observed in 35 patients with 
angiographically proven coronary reperfusion (from 16 of 35 before to 8 of 
35 afterward). No significant reduction was seen in 19 patients in whom 
thrombolysis was unsuccessful. It is concluded that coronary reperfusion 
reduces the incidence of late potentials and thus improves the electrical 
stability of the heart but that the sensitivity and specificity of this finding 
are not high enough for reliable bedside monitoring of coronary reperfu- 
sion. 


1199 
Time Course and Prognostic Significance of Serial Signal- 
Averaged Electrocardiograms After a First Acute Myocardial 
Infarction 

Luz M. Rodriguez, Ruud Krijne, Adri van den Dool, Pedro Brugada, Joep 
Smeets, and Hein J.J. Wellens 





The prognostic significance of serial signal-averaged electrocardiograms 
recorded during the first 3 days (period 1), in the second week (period 2) 
after a first myocardial infarction and 6 months later (period 3) was 
prospectively assessed in 190 patients. Multivariate regression analysis 
using continuous variables showed that the strongest predictor of sus- 
tained ventricular tachycardia and ventricular fibrillation was left ventric- 
ular ejection fraction (p <0.0001) followed by the duration of the QRS 
complex on the signal-averaged electrocardiogram recorded during the 
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first 3 days of infarction (p <0.0005). Sudden death was only predicted by 
left ventricular ejection fraction (p <0.02). These data suggest that the 
degree of myocardial damage as assessed by left ventricular ejection 
fraction is the strongest predictor of sustained ventricular arrhythmias 
during follow-up and the only predictor of sudden cardiac death after 
myocardial infarction. Serial recordings of the signal-averaged electrocar- 
diogram did not give additional information as to occurrence of ventricular 
tachyarrhythmias or sudden death. 


1203 
Prognostic Value of Predischarge Low-Level Exercise Thallium 
Testing After Thrombolytic Treatment of Acute Myocardial 
Infarction 

Peter L. Tilkemeier, Timothy E. Guiney, Paul J. LaRaia, and 

Charles A. Boucher 





Predischarge low-level exercise thallium testing has been used to assess 
patient prognosis after acute myocardial infarction (AMI). Sixty-seven 
patients after reperfusion therapy for AMI and 107 patients without acute 
intervention were evaluated with predischarge low-level exercise thallium 
testing and followed for a mean of 367 days for repeat cardiac events. ST- 
segment depression and increased lung uptake were prognostic predictors 
in the nonintervention group and reversible left ventricular cavity dilata- 
tion was significant in the intervention group. Exercise thallium imaging 
detected 81% of events in the nonintervention group and 55% in the 
intervention group. This suggests an unstable coronary artery lesion or 
progression of disease as a cause for a cardiac event; however, neither of 
these were adequately assessed by predischarge low-level exercise thallium 
imaging. Tests presumed to be useful after an AMI may not have similar 
prognostic usefulness after acute intervention after an AMI. 





1208 
Prognosis of Acute Myocardial Infarction Complicated by 
Primary Ventricular Fibrillation 


Solomon Behar, Uri Goldbourt, Henrietta Reicher-Reiss, Elieser 
Kaplinsky, and the Principal investigators of the SPRINT Study 


In 5,839 consecutive patients with acute myocardial infarction, the inci- 
dence of primary ventricular fibrillation (VF) was 2.1%. Patients with 
primary VF resembled counterparts without ventricular VF. In-hospital 
mortality rate was 18.8% in 122 patients with primary VF compared with 
8.5% in 3,707 patients forming the reference group (p <0.01). Adjust- 
ment by gender, history of myocardial infarction, systemic hypertension 
and by enzymatically estimated infarct size yielded relative mortality odds 
of 2.52 (95% confidence interval, 1.42 to 4.46). Prognosis after discharge 
from the hospital was independent of primary VF. 
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ADD CAPOTEN EARLY 


Whether or not 

your heart failure — 

patients are receiving 
igitalis... 


IN MILD, MODERATE, AND SEVERE HEART FAILURE 


(NYHA Class Il. IL, and IV) 


CLOSING THE LOOP IN HEART FAILURE THERAPY 


*CAPOTEN is indicated in patients with heart failure who have not responded adequately to treatment with diuretics and digitalis. Although the 
beneficial effect of captopril in heart failure does not require the presence of digitalis, most controlled clinical trial experience with captopril has 
been in patients receiving digitalis as well as diuretic treatment. Consequently, CAPOTEN should generally be added to both of these agents 
except when digitalis use is poorly tolerated or otherwise not feasible. In using CAPOTEN, consideration should be given to the risk of neutro- 
penia/ agr anulocytosis. Use > special precautions in patients with impaired renal function, collagen vascular disorders, or those exposed to other 
drugs known to affect the white blood cells or immune response. Evaluation of heart failure patients should always include assessment of renal 
function. See INDICATIONS, CONTRAINDICATIONS, WARNINGS, and ADVERSE REACTIONS in the brief summary on adjacent page 








INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see WARN- 
INGS). CAPOTEN is effective alone and in combination with other antihypertensive agents, 


especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 
should generally be added to both of these agents except when digitalis use is poorly tolerated 
or otherwise not feasible. 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to 
this product. 


WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous mem- 
branes, tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, includ- 
ing captopril. If angioedema involves the tongue, glottis or larynx, airway obstruction may occur 
and be fatal. Emergency therapy, including but not necessarily limited to, subcutaneous ad- 
ministration of a 1:1000 solution of epinephrine should be promptly instituted. 


Neutropenia/Agranulocytosis—Neutropenia (< 1000/mm*) with myeloid hypoplasia has resulted 
from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is 
dependent on the clinical status of the patient: 


ineclinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 

scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
weeks after captopril was discontinued, and serious infections were limited to clinically com- 
plex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 
tion of the hypertensive or heart failure patient should always include assessment of rena! 
function. if captopril is used in patients with impaired renal function, white blood cell anc 
differential counts should be evaluated prior to starting treatment and at approximately 2-week 
intervals for about 3 months, then periodically. in patients with collagen vascular disease or 
whe are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal function, captopril should be used only after an assessment 
of benefit and risk, and then with caution. All patients treated with captopril should be told to 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally lec 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mm:) withdraw captopril and closely follow the patient's course. 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 
Abeut 90% of affected patients had evidence of prior renal disease or received high doses 
(>150 mg/day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 
patients. In most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
(see PRECAUTIONS [Drug Interactions)). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: impaired Renal Function—Hypertension—Some hypertensive patients 
with renal disease, particularly those with severe renal artery stenosis, have developed in- 
creases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 20% of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMIN- 
ISTRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 
retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
thesia—lf hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 
the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 

caution 


Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
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overallresponse is less than additive. Therefore, use agents affecting sympathetic activity (e.9. 
neuron 


Inhibitors of aglandin Synthesis—indomethacin and other nonsteroidal anti- 
inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 


Lithium—Iincreased serum lithium levels and symptoms of lithium toxicity have been reported 
in patients receiving concomitant lithium and ACE inhibitor therapy. These drugs should be 
coadministered with caution and frequent monitoring of serum lithium levels is recommended. 
if a diuretic is also used, it may increase the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 
of Fertility: Two-year studies with doses of 50 


Mutagenesis 
to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: Embryocidal effects anc craniofacial malformations were observed in 
rabbits. Human Experience—There are no adequate and well-controlled studies of captopril in 
pregnant women. Data are available that show captopril crosses the human placenta. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Based on post-marketing experience with all ACE inhibitors, the following information has 
been collected. Inadvertent exposure limited to the first trimester of pregnancy does not ap- 
pear to affect fetal outcome adversely. Fetal exposure during the second and third trimester ol 
pregnancy has been associated with fetal and neonatal morbidity and mortality. 

When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother 
has also been reported. Infants exposed in utero'to ACE inhibitors should be closely observec 
for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed 
toward support of blood pressure and renal perfusion with the administration of fluids and 
pressors as appropriate. Problems associated with prematurity such as patent ductus arteri- 
osus have occurred in association with maternal use ef ACE inhibitors but it is not clear whether 
they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 

There is no experience with exchange transfusion, hemodialysis or peritoneal dialysis for 
removing captopril from the neonatal circulation. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captapril to a nursing woman, and, in general, nursing should be interrupted. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency 
renalfailure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status anc 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also beer 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, ches 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patient: 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear a 
increased frequency compared to placebo or other treatments used in controlled trials: gastri 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below b) 
body system. In this setting, an incidence or causal relationship cannot be accurately determinec 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myaigia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po 
tassium, especially in patients with renal impairment (see PRE ). 

Hyponatremia: particularly in patients receiving & low sodium diet or concomitant diuretics 

BUN/ Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volum 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reductio! 
of longstanding or markedly elevated blood pressure can result in decreases in the glomerula 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA nas been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serur 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.’ 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopr 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meal: 

in hypertension, CAPOTEN may be dosed bid or tic. Dosage must be individualized; see DOS 

AGE AND ADMINISTRATION section of packace insert for detailed information regarding dos 

age in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted primarily b 

the kidneys, dosage adjustments are recommended for patients with impaired renal function 
Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 m 
in bottles of 100; and in UNIMATIC® unit-dose packs of 100 tabiets. (J3-658F 
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1212 
Usefulness of Labetalol in Chronic Atrial Fibrillation 
Cheuk-Kit Wong, Chu-Pak Lau, Wing-Hung Leung, and Chun-Ho Cheng 





We studied the effect of labetalol in 10 patients with chronic atrial fibrilla- 
tion (AF) without structural heart disease. Labetalol did not reduce exer- 
cise tolerance. Digoxin was inefficacious in controlling maximal heart rate 
during treadmill tests but labetalol, both when used alone or as an adjunct 
to digoxin, was advantageous (156 + 4 vs 177 + 2 beats/min, p <0.01, 
and 154 + 4 vs 177 + 2 beats/min, p <0.01, respectively). The rate- 
pressure products were consistently lowered by labetalol at rest and during 
exercise. During submaximal exercise on treadmill tests or during 12- 
minute walks, the combination of labetalol and digoxin produced the best 
heart rate control, whereas heart rate control with labetalol monotherapy 
was comparable to that with digoxin monotherapy. During daily activities, 
the addition of labetalol to digoxin improved control of maximal heart rate 
(141 + 5 vs 172 + 5 beats/min, p <0.01) without causing bradycardia. 
Labetalol is thus useful in chronic AF. 


1216 
Usefulness of Combined Propranolol and Verapamil for 
Evaluation of Surgical Ablation of Accessory Atrioventricular 
Connections in Patients Without Structural Heart Disease 
Sim6n Milstein, Ann Dunnigan, Jeffrey Buetikofer, David G. Benditt, Jane 
Crosson, and Edgar Pineda 





Successful surgical ablation of atrioventricular (AV) accessory connec- 
tions may be difficult to confirm during postoperative evaluation due to 
the presence of enhanced retrograde AV nodal conduction. Drugs selec- 
tively affecting AV nodal conduction and refractoriness with no effects on 
accessory connection may be helpful for assessing the success of the 
surgical procedure. Combined intravenous propranolol and verapamil 
were given pre- and postoperatively in 17 patients undergoing surgical 
ablation of accessory connection. In all but 1 of the accessory connections, 
conduction and refractoriness were unaffected. In contrast, postoperative 
evaluation revealed significant prolongation of AV nodal conduction and 
refractoriness. Thus, the combined administration of propranolol and 
verapamil may prove helpful for differentiating between AV nodal and 
residual accessory connection conduction during early postoperative as- 
sessment of patients undergoing surgery for accessory AV connection 
ablation. 


bo See aE eee On ie LEON ee mem TT ee 
Long-Term Effect of Mexiletine on Left Ventricular Function 
and Relation to Suppression of Ventricular Arrhythmia 

Steven Singh, Richard Klein, Brian Eisenberg, Edward Hughes, Margaret 
Shand, and Pat Doherty, with the technical assistance of Gerhard Sharon 


The effects of oral mexiletine on left ventricular ejection fraction (LVEF) 
and ventricular arrhythmias were evaluated during 3 months of therapy in 
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CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases. 

Pregnancy and lactation 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
lowering drugs during pregnancy should have little impact on the outcome 
of long-term therapy of primary hypercholesterolemia. Moreover, choles- 
terol and other products of the cholesterol biosynthesis pathway are es- 
sential components for fetal development. including synthesis of steroids 
and cell membranes. Because of the ability of inhibitors of HMG-CoA re- 
ductase such as MEVACOR® (Lovastatin, MSD) to decrease the synthesis 
of cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, MEVACOR may cause fetal harm when administered to a preg- 
nant woman. Therefore, lovastatin is contraindicated during pregnancy 
Lovastatin should be administered to women of childbearing age only 
when such patients are highly unlikely to conceive. If the patient becomes 
pregnant while taking this drug, lovastatin should be discontinued and the 
patient should be apprised of the potential hazard to the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fell slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
patients and showed areas of focal hepatitis. In this patient. transaminase 
levels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

itis recommended that liver function tests be performed before treat- 
ment begins, every 4 to 6 weeks during the first 15 months of therapy 
with lovastatin, and periodically thereafter in all patients. Special atten- 
tion should be paid to patients who develop elevated serum transaminase 
levels, and in these patients, measurements should be repeated promptly 
and then performed more frequently. If the transaminase levels show evi- 
dence of progression, particularly if they rise to 3 times the upper limit of 
normal and are persistent, the drug should be discontinued. Liver biopsy 
should be considered if elevations are persistent beyond the discontinua- 
tion of the drug. 

The drug should be used with caution in patients who consume sub- 
stantial quantities of alcohol and/or have a past history of liver disease 
Active liver disease or unexplained transaminase elevations are contrain- 
dications to the use of lovastatin. 

As with other lipid-lowering agents. moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR isee ADVERSE REACTIONS). 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were not accompaniec by any symptoms, and inter- 
ruption of treatment was not required. 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive therapy including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses (21 g/day) of nicotinic acid. Acute renal failure 
from rhabdomyolysis has been seen more commonly with the 
lovastatin-gemfibrozi! combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported 
in seriously ill patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that, in most 
subjects who have had an unsatisfactory lipid response to either drug 
alone, the possible benefits of combined therapy with lovastatin and 
gemfibrozil do not outweigh the risks of severe meet. rhabdo- 
myolysis, and acute renal failure. While it is not known ether this 
interaction occurs with fibrates other than gemfibrozil, =n ig and 
rhabdomyolysis have occasionally been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other fibrates should generally be avoided. 

rosers contemplating combined therapy with lovastatin and 
lipid-lowering doses of nicotinic acid or with immunosuppressive drugs 

ould carefully weigh the potential benefits and risks and should care- 
fully monitor patients for any signs and symptoms of muscle pain, 
tenderness, or weakness, icularly during the initial months of ther- 
apy and rp the periods of upward dosage titration of either drug. 
Periodic CPK determinations may be considered in such situations, but 
there is no assurance that such monitoring will prevent the occurrence 
of severe oy beri The monitoring of lovastatin drug and metabolite 
levels may be considered in transplant patients who are treated with 
immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition suggestive ofa sok ghd or 
having a risk factor predisposing to the development of renal failure 
secondary to rhabdomyolysis, including severe acute infection, hypo- 
tension, major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

pas pe has been associated with lovastatin therapy. Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, i.e.. myalgia or muscle weakness 
associated with markedly elevated CPK levels. Myopathy should be con- 
sidered in any patient with diffuse H ye muscle tenderness or weak- 
ness. and/or marked elevation of CPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness, par- 
ticularly if accompanied by malaise or fever Lovastatin therapy should be 
discontinued if markedly elevated CPK levels Occur or myopathy is diag- 
nosed or Suspected. 

Most of the patients who have developed myopathy (including rhabdo- 
myolysis) while taking lovastatin were recewing concomitant therapy with 
immunosuppressive drugs, gemfibrozil, or lipid-lowering doses of nico- 
tinic acid. In clinical trials, about 30% of patients on concomitant 
immunosuppressive therapy including cyclosporine developed myop- 
athy; the corresponding percentages for gemfibrozil and niacin were 
approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants = immunosuppressive ther- 
apy including cyclosporine concomitantly with lovastatin 2 mg/day, the 
average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an ap- 
parent relationship between increased plasma levels of active metabolites 
derived from lovastatin and myopathy, the daily dosage in patients takin 
ipmunosuporesanis should not exceed 20 mg/day (see DOSAGE AN 
ADMINISTRATION). Even at this dosage, the benefits and risks of using 
lovastatin in patients taking immunosuppressants should be carefully 


PRECAUTIONS: General: Betore instituting therapy with MEVACOR® 
iLovastatin, MSD), an attempt should be made to control hypercholester- 
olemia with appropriate diet, exercise, weight reduction in obese patients, 
er ag other underlying medical problems (see INDICATIONS AND 
U ). 

Lovastatin may elevate creatine phosphokinase and transaminase lev- 
els (see ADVERSE REACTIONS). This snould be considered in the differ- 
ential diagnosis of chest pain in a patient on therapy with lovastatin 


Eye: There was a high prevalence of baseline ‘enticular opacities in the 
patient population included in the clinical triats with lovastatin. During 
these trials the appearance of new opacities was noted. The causal rela- 
tionship of lovastatin to these findings has not been established. 

Of 431 patients examined with slit lamp at baseline and during therapy 
with lovastatn, 34 had opacities reported at the final examination (5 to 15 
months after starting lovastatin) that were not noted at baseline. On the 
other hand, wm 45 patients, opacities observed at baseline were not noted 
at the final examination, so that theprevalence cid not increase. There was 
10 Clinically significant change in visual acuity in the patients who had new 
opacities reported. nor was any patient, including those with opacities 
roted at baseline, discontinued from therapy Decause of a decrease in 
visual acuity Nevertheless, until further experience is obtained, it is rec- 
ommended that patients placed on lovastatin therapy be examined with a 
slit an betore or shortly after initiation o! treatment and annually 
thereafter 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective in patients with the rare homozygous familia! hypercholestero!- 
emia pay because these patients have no functional LDL receptors 
MEVACOR appears to be more likely to raise sarum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: !mmunosuppressive Drags, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants- In a clinical trial in warfarin-treated patients 
designed specifically to observe a potertial effect of lovastatin on the pro- 
thrombin time, lovastatin in dosages up to 40 mg d.i.d. did not produce 
any consistent alteration of the anticoagulant action of warfarin. However, 
since the drug was marketed, clinically evidentbleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin 
anticoagulants concomitantly with lovastatin. The causal relationship to 
lovastatin is unclear. Nevertheless. itis recommended that in patients tak- 
ing anticoagulants, prothrombin time be determined before starting lov- 
astatin and frequently enough during early therapy to insure that no 
significant alteration of prothrombin time occurs. Once a stable prothrom- 
bin time has been documented. prothrombin times can be monitored at 
the intervals usually recommended for patients on coumarin anticoagu- 
lants. If the cose of lovastatin is changed, the same procedure should be 
repeated. Lovastatin therapy has not deen associated with bleeding or 
with changes in prothrombin time in patients mot taking anticoagulants 

Antipyrine: Antipyrine is a model for drugs metabolized by the micro- 
somal hepatic enzyme system (cytochrome P450 system). Because lov- 
astatin had no effect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected 

Propranolol: in normal volunteers. there was no Clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranolol 

Digoxin: in patients with hypercholesterolemia, concomitant adminis- 
tration of lovastatin and digoxin resulted in ne effect on digoxin plasma 
concentrations 

Other Concomitant Therapy: Although specitic interaction studies were 
not pertormed, in clinical studies, lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions 


Carcinogenesis, Mutagenesis, Impairment af Fertility: In a 21-month 
carcinogenic study in mice. a statistically significant (p< 0 05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose) of lovastatin, These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum rec- 
ommended human dose) 

A statistically significant increase (ps0. 05)uin the incidence of pulmo- 
nary adenomas was seen in female mice receiving 500 mg/kg/day (312 
times the maximum recommended human @ose); no similar changes 
were seen in males at any dose or in females receiving 20 or 100 mg/kg: 
day (12.5 or 62.5 times the maximum recommended human dose). Be- 
cause the incidence of pulmonary tumors was within the range of 
untreated arimals in studies of similar duration, the relationship of this 
latter change to treatment is not known 

In addition. an increase in the incidence of papilloma in the non-glandu- 
lar mucosa of the stomach was observed in mice receiving 100 and 500 
mg/kg/day (62.5 and 312 times the maximum recommended human 
dose); no increase was seen at a dosage of 20mngq/kg/day (12 5 times the 
maximum recommendec human dose). The glandular mucosa was not 
affected. The human stomach centains only glandular mucosa. Impor- 
tantly, there is a strong association between this change and hyperplasia 
of the squamous epithelium (acanthosis) in this region; acanthosis is a 
characteristic change observed in the non-glandular mucosa of rodents 
treated with HMG-CoA reductase inhibitors ard is most probably a result 
of inhibition of the reductase in this tissue 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat. however, no evidence of a similar drug- 
induced H ey response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/kg/day (312 times the 
maximum recommended human dose). or in a study of 24 months in the 
fes given 180 mg/kg/day (112 times the maximum recommended human 

ose). 

In a 24-month carcinogenicity study in rats, there was a positive dose 
response relationship tor hepatocellular carcinogenicity in males (unad- 
justed p = 0.025). However, because the incidence of hepatocellular car- 
cinogenicity observed in male rats in this study is similar to that observed 
spontaneously in this strain of mat, the implications of this finding are 
unclear 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimueum with or without rat or 
mouse liver metabolic activation In addition no evidence of damage to 
genetic material was noted in an m vitro alkaline elution assay using rat or 
mouse hepatocytes, a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO calls, or an in vivo chromo- 
somal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human dose). At similar doses in mice, an increase in skeletal malforma- 
tions was observed These individual changes are within the range of 
those observed spontaneously in this strain af mouse. No drug-induced 
changes were seen in either species at doses of up to 80 mg/kg/day (50 
times the maximum recommended human dase). No evidence of malfor- 
mations was noted in rabbits at up to 15 mg/kgeday (highest tolerated dose 
-about 9 times the maximum recommended human dose) There are no 
data in pregnant women 


Nursing Mathers: Studies in ratshave shown that lovastatin is excreted in 
the milk. It is not known whether this drug !s excreted in human milk 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR. 
women taking lovastatin should not nurse their infants (see 
CONTRAINDICATIONS) 


Pediatric Use: Safety and effectveness in children have not been estab- 
lished. Because children are not likely to benetit from cholesterol lowering 


studies in subjects below the age of 20 years), treatment of children with 
lovastatin is not recommended at this time 


ADVERSE REACTIONS: MEVACOR® (Lovastatin, MSD) is generally well 
tolerated: adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued trom controlled clinical studies due 
te adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from all studies (controlled and uncontrolled) due to 
adverse experiences attributable to MEVACOR; about one-third of these 
patients were discontinued due to increases in serum transaminases 


Clinical Adverse Experiences: Adverse experiences reported in patients 
— with MEVACOR in controlled clinical studies are shown in the table 
low: 


MEVACOR Placebo Cholestyramine Probucol 
(N=613) (N=82) (N = 88) (N = 97) 
% %o %a % 
Gastrointestinal 
Constipation 49 — 3 
Diarrhea 55 
Dyspepsia 39 
Flatus 64 
Abdominal paincramps 57 
Heartburn 16 
Nausea 47 
Musculoskeletal 
Muscle cramps 1 
Myalgia 2 
Nervous System Psychiatric 
Dizziness 2 
9 
5 
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Headache 
Skin 
Rash/pruritus 
Special Senses 
Blurred vision 1 
Dysgeusia 0 





Laboratory Tests. Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the control agents were cholestyramine, 9% anc 
probucol. 2%. This was attributable to the noncardiac fraction of CPK 
Large increases ir CPK have sometimes been reported (see WARNINGS. 
Skeletal Muscle) 


Concomitant Therapy: \n controlled clinical studies in which lovastatir 
was administered concomitantly with cholestyramine, no adverse reac: 
tions peculiar to this cancomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously witt 
lovastatin or cholestyramine. Other lipid-lowering agents were not admin: 
istered concomitantly with lovastatin during controlled clinical studies. Ir 
uncontrolled clinical studies. most of the patients who have developet 
myopathy were receiving concomitant therapy with immunosuppressive 
pa ah ‘cei or niacin (nicotinic acid) (see WARNINGS, Skeleta 
uscle). 


Uncontrolled Clinical Studies: The adverse experiences observed ir 
uncontrolled studies were similar to those seen in controlled clinica 
studies. Abnormal liverfunction tests were observed at a higher incidenct 
than in the controlled studies (see WARNINGS. Liver Dysfunction). Myop 
athy (myalgia with marked CPK elevations) was reported in approx: 
imately 0.5% of patients (see WARNINGS. Skeletal Muscle). 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported: the relationship to lovastatin is uncertain Visua 
evoked response. nerve conduction measurements. and electromyogra 
phy in over 30 patients showed no evidence of neurotoxic effects o 
lovastatin. 

Special Senses: Of 431 patients examined with slit lamp at baseline an 
during therapy with lovastatin, 34 had opacities reported at the final exam 
ination (5 to 15 months after starting lovastatin) that were not noted a 
baseline. On the cther hand. in 45 patients. opacities observed at baselin 
were not noted at the final examination. so that the prevalence did no 
increase (see PRECAUTIONS) 


Post-marketing Experience: Additional adverse experiences occurrin 
since the drug was marketed are listed below 
Clinical Adverse Experiences 
Gastrointestinal; Hepatitis cholestatic jaundice, anorexia 
vomiting 
HypersensitivityReactions. An apparent hypersensitivity syndrom 
has been reported rare’y which has included one or more of the followin 
features: anaphylaxis. angioedema. lupus-like syndrome, polymyaigi 
rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, positiv 
ANA. ESR increase, arthritis, arthralgia, urticaria, asthenia, photosens) 
tivity, fever, flushing, malaise, and dyspnea 
Nervous System/Psychiatric: Psychic disturbances, includin 
anxiety; paresthesia. 
Causa! Relationship Unknown 
Gastrointestinal Pancreatitis, stomatitis 
Skin: Alopecia. 
Nervous System/Psychiatric. Depression insomnia. 
Metabolic: Edema. 
Clinical Laboratory Test Findings 
Liver Function Tests: Liver function test abnormalities. inciudin 
elevated alkaline phosphatase and bilirubin 
Thyroid Function fests: Rare reports of thyroid function test abno 
malities in patients taking concomitant thyroxine 


OVERDOSAGE: The oral LDsg of MEVACOR in mice is 20 g/kg. 

Five healthy human volunteers have received up to 200 mg of lovastat 
as a single dose without clinically significant adverse experiences. A fe 
cases of accidental overdosage have been reported: no patients had ar 
specific symptoms, and all patients recovered without sequelae. The ma: 
imum dose taker was 5 to 6g. 

Until further experience is obtained. no specific treatment of overdo: 
age with MEVACOR can be recommended 

The dialyzability of lovastatin and its metabolites in man is not known 
present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a sta! 
dard cholesterol-lowering diet before receiving MEVACOR and shou 
continue on this diet during treatment with MEVACOR. MEVACOR shou 
be given with meals. 
he recommended starting dose is 20 mg once a day given with tl 
evening meal. The recommended dosing range is 20 to 80 mg/day in si 
le or divided doses; the maximum recommended dose is 80 mg/da 
Adjustments of dosage should be made at intervals of 4 weeks or mor 
Doses should be individualized according to the patient's response (s 
Tables | to IV under CLINICAL PHARMACOLOGY Clinical Studies for do: 
response results) 

For those patients with severely elevated serum cholesterol leve 
(ie ; >300 mg/dL [7.8 mmol/L] on diet). MEVACOR may be initiated at « 
mg, day 

In patients Hy: immunosuppressive drugs concomitantly wi 
lovastatin (see WARNINGS. Skeletal Muscle), the maximum recor 
mended dosage ‘s 20 mg/day. 

Cholesterol levels snould be monitored periodically and considerati 
should be given to reducing the dosage of MEVACOR 
if cholesterol levels fall below the targeted range. MS 
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For more detailed infermation, consult your MSD Representative or s 
Prescribing Information, Merck Sharp & Dohme, Division of Merck 
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29 patients with chronic ventricular premature complexes (VPCs) and a 
mean LVEF of 46% by 24-hour Holter monitoring and radionuclide 
ventriculography at rest and during maximum tolerable exercise testing. 
At the end of titration and after 3 months of therapy, patients with a 
baseline LVEF <40% (group 2) responded with a median reduction of the 
hourly VPC rate by 90 and 81%, respectively, compared with 79 and 72% 
in those with a baseline LVEF >40% (group 1). Couplets and runs of 
ventricular tachycardia were almost completely suppressed in nearly all 
patients. One patient had a proarrhythmic increase in VPCs during treat- 
ment. There were no significant changes in resting or exercise LVEF after 
treatment in either of the 2 groups. No symptoms of congestive heart 
failure developed. 
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SYSTEMIC HYPERTENSION 


1228 

Effectiveness of the Once-Daily Calcium Antagonist, 
Lacidipine, in Controlling 24-Hour Ambulatory Blood Pressure 
Mary E. Heber, Paul A. Broadhurst, Geoffrey S. Brigden, and 

Edward B. Raftery 
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The efficacy of the new once-daily dihydropyridine calcium antagonist 
lacidipine in reducing ambulatory intraarterial blood pressure was as- 
sessed in 12 untreated hypertensive patients. Chronic administration re- 
duced blood pressure throughout the 24-hour period. In addition, there 
was no postural hypotension and there was successful attenuation of the 
pressor response to isometric and dynamic exercise. 
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CONGENITAL HEART DISEASE 
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Atenolol Therapy for Exercise-Induced Hypertension After 
Aortic Coarctation Repair 

Rae-Ellen W. Kavey, John L. Cotton, and Marie S. Blackman 


Ten patients with exercise-induced upper body systolic hypertension after 
successful surgical repair of coarctation in childhood were evaluated by 
treadmill exercise before and after 8 blockade with atenolol. At rest, arm / 
leg systolic pressure difference was <18 mm Hg in all. At baseline tread- 
mill evaluation, systolic blood pressures at exercise termination ranged 
from 201 to 270 mm Hg (mean 229) and arm/leg gradients ranged from 
30 to 143 mm Hg (mean 84). After 8 blockade, upper extremity systolic 
pressures at exercise termination were normalized in 9 of 10 patients 
(range 163 to 223 mm Hg; mean 196, p <0.005). Arm/leg gradient also 
decreased significantly with a mean of 51 mm Hg (p $0.05). No patient 
had symptoms on atenolol and exercise endurance times were unchanged. 
There is a high incidence of premature cardiovascular disease after suc- 
cessful coarctation repair, and persistent upper body hypertension would 
be anticipated to contribute to this. The study results suggest that cardio- 
selective 8 blockade is effective therapy in this situation. 


Continued on page A37 
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„and the safet 
of a beta blocker. 


sectral® (acebutolol HCI) is a beta blocker demonstrated as 
effective as quinidine in a wide range of premature ventricular 
complexes (paired and multiform ventricular ectopic beats and 
R-on-T beats).* Sectral® offers excellent G.I. tolerability. It does not 
interact with digoxin. And Sectral, like other beta blockers, is rarely 
associated with proarrhythmia.® 


Initiate Sectral therapy with 200 mg b.i.d. Dosage can be 


increased gradually until optimal response is obtained, generally 
between 600 mg to 1200 mg per day. 










*Sectral® is not indicated for ventricular tachycardia, 
Please see brief summary on OR pagen 


-Like other beta blockers, Sectral® is cor 
~ second: and thir -degree heart 
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acebutool HCI 


For uncomplicated 
control of PVCs. 
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200 mg 


400 mg 
CAPSULES 


acebutoo HO 


For uncomplicated control of PVCs. 


(Brief Summary. See Package Circular for full prescribing information.) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe 
bradycardia; 2) second- and third-degree heart block; 3) overt cardiac failure: 

4) cardiogenic shock. (See WARNINGS) 

WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support 
of circulation in patients with diminished myocardial contractility, and inhibition by 
B-adrenergic receptor blockade may precipitate more severe failure. Although 
B-blockers should be avoided in overt cardiac failure, SECTRAL can be used 
cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis and 
SECTRAL impair AV conduction. Withdraw SECTRAL if cardiac failure persists. 

In Patients Without a History of Cardiac Failure: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients 
at first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL 
if cardiac failure persists. 

Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
discontinuation of some B-blockers in coronary artery disease patients may exacerbate 
angina; in some cases, myocardial infarction and death have been reported. Caution such 
patients against interruption of therapy without a physician's advice. Even in the absence 
of overt ischemic heart disease, withdraw SECTRAL gradually over a period of about two 
weeks: observe carefully and advise patients to minimize physical activity Guring this time. 
(If desired, patients may be transferred directly to comparable doses of an alternative 
B-blocker without interruption of B-blocking therapy). If exacerbation of angina occurs, 
restart full-dose anti-angina! therapy immediately and hospitalize patient until stabilized 
Peripheral Vascular Disease: f-antagonists reduce cardiac output and can precipi- 
tate/aggravate arterial insufficiency in patients with periphera or mesenteric vascular 
disease. Exercise caution and observe such patients closely for progression of arterial 
obstruction. 

Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a 8-Blocker. Because of its relative B -selectivity, low doses of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannot 
tolerate, alternative treatment. 

Since B,-selectivity is not absolute and is dose-dependent, use lowest possible 
dose of SECTRAL initially, preferably in divided doses. Make bronchodilator, e.g. the- 
ophylline, or a Bp-stimulant, available in advance with instructions for use. 
Anesthesia and Major Surgery: The necessity/desirability of withdrawing 
B-blockers prior to major surgery is controversial; the heart's impaired ability to 
respond to B-adrenergically mediated reflex stimuli may enhance the risk of excessive 
myocardial depression during genera! anesthesia. Difficulty in restarting and maintain- 
ing the heartbeat also has been reported with beta-blockers. If treatment is continued, 
take special care when using anesthetics that depress the myocardium, use lowest 
possible SECTRAL dose. SECTRAL., like other B-blockers, is a competitive inhibitor of 
B-receptor agonists, so its effects can be reversed by cautious administration of such 
agents (e.g., dobutamine or isoprtereno)). Symptoms of excessive vagal tone (e.g., 
profound bradycardia, hypotension) may be corrected with atropine 
Diabetes and Hypoglycemia: B-blockers may potentiate insulin-induced hypo- 
glycemia and mask some symptoms such as tachycardia; dizziness and sweating are 
usually not significantly affected. Warn diabetics of possible masked hypoglycemia. 
Thyrotoxicosis: B-adrenergic blockade may mask some clinical signs (tachycardia) 
of hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: | Renal or Hepatic Function: While there are no U.S. 
studies, foreign published experience shows that acebutolol has been used suc- 
cessfully in chronic renal insufficiency. Acebutolol is excreted via the G.I. tract, but the 
active metabolite, diacetolol, is eliminated mainly by the kidney. A linear relationship 
exists between renal clearance of diacetolol and creatinine clearance (Cl); reduce 
daily dose of acebutolo! by 50% when Cle is less than 50 mL/min and by 75% when it 
is less than 25 mL/min. Use cautiously in patients with impaired hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability cf SECTRAL and its 
metabolite are approximately doudled. 
information for Patients: Warn patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physician 
supervision. Although cardiac failure rarely occurs in properly selected patients, 
advise patients to consult a physician if signs or symptoms suggestive of impending 
CHF, or unexplained respiratory symptoms, develop. ; 

Warn patients of possible severe hypertensive reactions from concomitant use of 
a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 
nasa! drops. 

Clinical Laboratory Findings: SECTRAL. like other B-blockers, has been associ- 


ated with development of antinuclzar antibodies (ANA). In prospective clinical trials, 


patients receiving SECTRAL had a dose-dependent increase in the development of 
positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. 
Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. 

Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
given with Ponen Observe patients treated with both agents closely for evidence 
of marked bradycardia or hypotension which may present as vertigo, syncope/pre- 
syncope, or orthostatic changes in blood pressure without compensatory tachycardia. 
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Exaggerated hypertensive responses have been reported from use of B-adrenergic 
antagonists with a-adrenergic stimulants, including those in OTC cold remedies and 
vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may blunt anti- 
hypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity 
studies in rats and mice, at doses 15 times the maximum recommended (60 kg) 
human dose, did not indicate carcinogenic potential for SECTRAL. Diacetolol, the 
majer metabolite in man. was without carcinogenic potential in rats at doses up to 
1800 mg/kg/d. SECTRAL and diacetoio! also had no mutagenic potential in the Ame 
Test No significant impact on reproductive performance or fertility was found in rats 
following SECTRAL or diacetolo! doses of up to 240 or 1000 mg/kg/d, respectively. 
Pregnancy: Jeratogenic Effects: Pregnancy Category B: No teratogenic effects 
were seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended 

human dose. At this dose in the rabbit, slight fetal growth retardation was noted; this 
was-considered to be a result of maternal toxicity (evidenced by reduced food 
intake, lowered rate of body weight gain, mortality). Diacetolo! studies (doses up to 
450 mg/kg/d in rabbits and up to 1800 mg/kg/c in rats) showed no evidence of fetal 
harm other than a significant elevation in postimplantation loss with 450 mg/kg/d, a 
leve! at which food consumption and body weight gain were reduced in rabbit dams; 
there was a non-statistically significant increase in incidence of bilateral cataract in 
rat fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 
controlled trials in pregnant women: SECTRAL should be used during pregnancy on 
if potential benefit justifies risk to the fetus. 

Nonteratogenic Effects: Human studies indicate that acebutolo! and diacetolo! cross 
the placenta. Neonates of mothers who received acebutolo! during pregnancy have 
reduced birth weight. decreased blood pressure. and decreased heart rate. 

Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. Anim 
studies have shown no effect of SECTRAL on the usual course of labor and delivery. 
Nursing Mothers: Acebutolo! and diacetolol appear in breast milk (milk:plasma ratio of 
71 and 12.2. respectively). Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

The incidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythm 
follows. Numbers represent percentage incidence for SECTRAL (N = 1002) versus 
placebo (N =314), respectively. 

Cardiovascular: Chest pain 2%, 1%: Edema 2%, 1%. CNS: Depression 2%, 1%; 
Dizziness 6%. 2%: Fatigue 11%. 4%; Headache 6%, 4%: Insomnia 3%, 1%; Abnorm: 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 0% 
Diarrhea 4%, 1%: Dyspepsia 4%, 1%; Flatulence 3%. 1%; Nausea 4%, 0%. Genitour 
ary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthraigia 2%, 2%; Myalgia 
2%, 0%. Respiratory: Cough 1%, 0%: Dyspnea 4%, 2%; Rhinitis 2%, <1%, Special 
Senses: Abnormal Vision 2%. 0%. 

The following selected\(potentially important) side effects were seen in up to 2% ol 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. CNS: 
anxiety. hyper/hypoesthesia, impotence. Skin. pruritus. Gastrointestinal: vomiting. 
abdominal pain. Genitourinary. dysuria. nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT. SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases. 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 
3 months on a constant dose ) 


400mg/cay 800ma/day 1200mg/da’ 
Body System (N= 132) (N=63) (N=71) 
ree ee 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 


Genitourinary 2% 3% 1% 
—————— EEE. 


Potential Adverse Effects: Certain adverse effects not listed above have been 
reported with other B-blocking agents and shouid be considered as potential adver: 
effects of SECTRAL. 

CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emo- 
tional lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allesgic: Erythematous rash, fever with aching and sore throat, laryngospasm, 
respiratory distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpt 
Gastrointestinal: Mesenteric arterial thrombosis. ischemic colitis. 

Misc.: Reversible alopecia, Peyronie's disease. The oculomucocutaneous syndrom: 
associated with practolo! has not been reported with SECTRAL. 

Keep at room temperature. Approximately 25°C (77°F). 
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Risk of Cardiovascular Mortality in Alcohol Drinkers, Ex- 
Drinkers and Nondrinkers 

Arthur L. Klatsky, Mary Anne Armstrong, and Gary D. Friedman 


This new prospective study of 1,002 cardiovascular deaths among 123,840 
persons showed that ex-drinkers and infrequent drinkers had similar car- 
diovascular mortality to that of lifelong abstainers. Use of more alcohol 
was associated with a higher mortality risk from hypertension, cardiomy- 
opathy and hemorrhagic stroke but with a lower mortality risk from 
coronary artery disease (CAD), occlusive stroke and nonspecific cardio- 
vascular syndromes. The CAD subset (n = 600) dominated the cardiovas- 
cular statistics, which showed an overall U-shaped alcohol mortality rela- 
tion (nadir at 1 to 2 drinks/day). The relation of alcohol to CAD mortality 
was independent of baseline risk or reasons for quitting. These data show 
that the higher cardiovascular mortality rate of abstainers, compared to 
lighter drinkers, is not due to former drinking or to baseline risk. The 
findings indirectly support a protective effect of alcohol against CAD. 


1243 
Subnormal Parasympathetic Activity After Cardiac 
Transplantation 

Michael L. Smith, Kenneth A. Ellenbogen, Dwain L. Eckberg, Helen M. 
Sheehan, and Marc D. Thames 





Heart period variability was measured during quiet rest in 18 patients with 
heart failure before and twice after orthotopic cardiac transplantation and 
in 16 age-matched control subjects. Heart period variability of innervated 
recipient atria did not change significantly from pretransplantation to 
early (1 to 4 weeks) posttransplantation, but did increase significantly 
(change = 14 + 3 ms; p = 0.002) after late posttransplantation (15 to 37 
weeks). A regression model showed that heart period variability of inner- 
vated recipient atria was related directly to time after transplantation and 
inversely to systolic pressure after transplantation and degree of rejection. 
Heart period variability of the denervated donor atria remained un- 
changed after transplantation. 


1247 

Natural History of Cardiac Rhabdomyoma in Infancy and 
Childhood 

John F. Smythe, John D. Dyck, Jeffrey F. Smallhorn, and 

Robert M. Freedom 


Although spontaneous regression of cardiac rhabdomyoma has been re- 
ported, prognosis is still considered to be poor and surgery continues to be 
indicated. Experience with rhabdomyoma in infancy over a 20-year period 
was reviewed. Diagnosis by angiography or echocardiography was accept- 
ed only if multiple tumors were present or if tuberous sclerosis was also 
diagnosed. Nine patients were identified as having a total of 24 tumors. All 
had at least some evidence of regression, with 20 of 24 showing complete 
resolution. Results suggest that pediatric cardiac rhabdomyoma is most 
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often a benign condition in which spontaneous regression is the rule. 
Surgery is recommended only for patients with refractory dysrhythmias or 
severe hemodynamic compromise. 
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Is the Term “Tricuspid Atresia” Appropriate? 
P. Syamasundar Rao 








BRIEF REPORTS 


b 1 Se nora OES TRS Ie” 
Supported Coronary Angioplasty and Standby Supported 
Coronary Angioplasty for High-Risk Coronary Artery Disease 
Carl L. Tommaso, Rodney A. Johnson, J. Lawrence Stafford, Albert R. 
Zoda, and Robert A. Vogel 
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Prognosis of Congestive Heart Failure in Elderly Patients with 
Normal Versus Abnormal Left Ventricular Systolic Function 
Associated with Coronary Artery Disease 

Wilbert S. Aronow, Chul Ahn, and Itzhak Kronzon 


i a ek aae E 
Delayed Coronary Angioplasty After Thrombolytic Therapy for 
Acute Myocardial Infarction 

Thomas Little, Kenneth Lee, Diane Mukherjee, Mark Milner, Joseph 
Lindsay, Jr., and Augusto D. Pichard 
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Natural History of Posterobasal Left Ventricular Aneurysm 
Morteza Amidi, Steven Royal, Edward Curtiss, and Maureen Puskar 
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Physician Attitudes Toward the Use of Type IC 
Antiarrhythmics After the Cardiac Arrhythmia Suppression 
Trial (CAST) 

James A. Reiffel and James R. Cook 


ee eh eee ee ae 
Treatment of Ventricular Arrhythmias in Children Without 
Structural Heart Disease With Class IC Agents as Guided by 
Invasive Electrophysiology 

Christopher L. Case and Paul C. Gillette 


yb. eee a a ee SORES NEE” ARRAN SLE LA ae ME 
Safety and Efficacy of In-Office Cardioversion for Treatment of 


Supraventricular Arrhythmias 
Michael F. Lesser 
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Consistent with 1988 JNC recommendation... 
The 1988 report of the Joint National Committee on Detection, Evaluation, 
and Treatment of High Blood Pressure recommends that blood pressure 
be controlled ”...with the fewest drugs at their lowest dose....”° 





References: 

1. Data on file, C.D. Searle & Co. 2. 1988 Joint National Committee: 
The 1988 report of the Joint National Committee on Detection, 
Evaluation, and Treatment of High Blood Pressure. Arch intern Med 
1988;148:1023-1038. 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 
3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an accessory 
bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be- avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with any 
degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure 
with optimum digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally 
produce hypotension. Elevations of liver enzymes have been reported. Several cases have been 
demonstrated to be produced by verapamil. Periodic monitoring of liver function in patients on 
verapamil is prudent. Some patients with paroxysmal and/or chronic atrial flutter/fibrillation and 
an accessory AV pathway (eg, WPW or LGL syndromes) have developed an increased antegrade 
conduction across the accessory pathway bypassing the AV node, producing a very rapid 
ventncular response or ventricular fibrillation after receiving |.V. verapamil (or digitalis). Because 
of this risk, oral verapamil is contraindicated in such patients. AV block may occur (2nd- and 
3rd-degree, 0.8%). Development of marked 1st-degree block or progression to 2nd- or 3rd- 
degree block requires reduction in dosage or, rarely, discontinuation and institution of appropriate 
therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who were 
treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function 
(in severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients 
should be monitored for abnormal prolongation of the PR interval or other signs of overdosage 
Verapamil may decrease neuromuscular transmission in patients with Duchenne’s muscular 
dystrophy and may prolong recovery from the neuromuscular blocking agent vecuronium. It may 
be necessary to decrease verapamil dosage in patients with attenuated neuromuscular transmis- 
sion. Combined therapy with beta-adrenergic blockers and verapamil may result in additive 
negative effects on heart rate, atrioventricular conduction and/or cardiac contractility; there have 
been reports of excessive bradycardia and AV block, including complete heart block. The risks 
of such combined therapy may outweigh the benefits. The combination should be used only 
with caution and close monitoring. Decreased metoprolol clearance may occur with combined 
use. Chronic verapamil treatment can increase serum digoxin levels by 50% to 75% during the 
first week of therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, 
verapamil may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin 
dose should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. Disopyr- 
amide should not be given within 48 hours before or 24 hours after verapamil administration. 
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Concomitant use of flecainide and verapamil may have additive effects on myocardial contractilit 
AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients wit 
hypertrophic cardiomyopathy should be avoided, since significant hypotension may resul 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels ¢ 
increased sensitivity to lithium. Patients receiving both drugs must be monitored carefull 
Verapamil may increase carbamazepine concentrations during combined use. Rifampin may reduc 
verapamil bioavailability. Phenobarbital may increase verapamil clearance. Verapamil may increas 
serum levels of cyclosperin. Concomitant use of inhalation anesthetics and calcium antagonist 
needs careful titration to avoid excessive cardiovascular depression. Verapamil may potentiat 
the activity of neuromuscular blocking agents (curare-like and depolarizing); dosage reductio 
may be required. Adequate animal carcinogenicity studies have not been performed. One stud 
in rats did not suggest a tumorigenic potential, and verapamil was not mutagenic in the Ame 
test. Pregnancy Category C. There are no adequate and well-controlled studies in pregnar 
women. This drug should be used during pregnancy, labor, and delivery only if clearly needec 
Verapamil is excreted in breast milk; therefore, nursing should be discontinued during veraparr 
use. 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.5% 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.4% 
bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° and 3° (0.8%), ras 
(1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.0% ¢ 
less of patients, occurred under conditions where a causal relationship is uncertain: angin 
pectoris, atrioventricular dissociation, chest pain, claudication, myocardial infarction, palpitation: 
purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasi: 
ecchymosis or bruising, cerebrovascular accident, confusion, equilibrium disorders, insomni; 
muscle cramps, paresthesia, psychotic symptoms, shakiness, somnolence, arthralgia and rast 
exanthema, hair loss, hyperkeratosis, macules, sweating, urticaria, Stevens-Johnson syndrome 
erythema multiforme, blurred vision, gynecomastia, increased urination, spotty menstruatior 
impotence. 12/21/89 + P90-W 198 
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Pressure Gradient in Obstructive Hypertrophic 
Cardiomyopathy 

Paul A. Tunick, Rachel Lampert, John L. Perez, and Itzhak Kronzon 
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Brief Summary 

Therapy BAYER® Aspirin 

Delayed-Release Enteric AspirinwAcetylsalicylic Acid) Caplets to Help Reduce the Risk of Second M! 

or MI in Unstable Angina 

DOSAGE AND ADMINISTRATION: P R O B L E M S 


Although most of the studies usad dosages exceeding 300 mg, two trials used only 300 mg daily, 
and pharmacologic data indicate that this dose inhibits platelet function fully. Therefore, 300 mg or 
a conventional 325 mg aspirin dese daily is a reasonable routine dose that would minimize gastroin- Dor 
testinal adverse reactions. This use of aspirin applies to both solid oral dosage forms (buffered and eT an A ling ae 
plain aspirin) and buffered aspirin in solution. Je , 





CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1000 mg per day of aspirin was associated with small increases in 
systolic blood pressure (BP) (average 1.5 to 2.1 mm) and diastolic BP (0.5 to 0.6 mm), depending 
upon whether maximal or last available readings were used. Blood urea nitrogen and uric acid levels 
were also increased but by less than 1.0 mg percent. Subjects with marked hypertension or renal 
insufficiency had been excluded Irom the trial so that the clinical importance of these observations 
for such subjects or for any subjects treated over more prolonged periods is not known. It is rec- 
ommended that patients placed on long-term aspirin treatment, even at doses of 300 mg per day, be 
seen at regular intervals to assess changes in these measurements. 


BIOAVAILABILITY: 

The bioavailability of aspirin from Therapy BAYER has been confirmed. In a single-dose study! in 
which plasma acetylsalicylic acid.and salicylic acid levels were measured, measurable plasmæcon- 
centrations were achieved within 15 minutes after dosing. Maximum concentrations were achieved 
at approximately five hours postdesing. Therapy BAYER, when compared with plain aspirin, achieves 
maximum plasma salicylate levels not significantly different from plain, i.e., not enteric-ccated, 
aspirin. Dissolution of the enteric coating occurs at a neutral-to-basic pH anc is therefore dependent 
on gastric emptying into the duodenum. With continued dosing, appropriate therapeutic plasma lev- 
els are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number of endoscopic studies eom- 
paring enteric-coated aspirin and plain aspirin, as well as plain buffered and “arthritis strength’ 
preparations. In these studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 mg/day. Compared to all 
the other preparations, the enteric-coated aspirin produced significantly less damage to the gastric 
mucosa. There was also statistically less duodenal damage when compared with the plain, i.e., non- 
enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused gastrointestinal symptoms 
and bleeding that, in some cases, were Clinically significant. In the largest postinfarction study (the 
Aspirin Myocardial Infarction Stuey [AMIS] with 4,500 people),2 the percentage of incidences of 
gastrointestinal symptoms for the aspirin (1,000 mg of a standard, solid-tablet formulation) and pla- 
cebo-treated subjects, respectively, were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), 
nausea and/or vomiting (7.6%, 2.1%), and hospitalization for GI disorder (4.9%, 3.5%). In the AMIS 
and other trials, aspirin-treated patients had increased rates of gross gastrointestinal bleeding. 
Symptoms and signs of gastrointestinal irritation were not significantly increased in subjects treated 
for unstable angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 

Occasional reports have documented individuals with impaired gastric emptying in whom there may 
be retention of one or more enteric-coated aspirin caplets over time. This phenomenon may occur as 
a result of outlet obstruction from ulcer disease alone or combined with hypotonic gastric peristal- 
sis. Because of the integrity of the enteric coating in an acidic environment, these caplets may accu- 
mulate and form a bezoar in the stomach. Individuals with this condition may present with 
complaints of early satiety or of vague upper abdominal distress. Diagnosis may be made by endos- 
copy or by abdominal films, which show opacities suggestive of a mass of small caplets.3 Manage- 
ment may vary according to the condition of the patient. Options include gastrotomy and alternating 
slightly basic and neutral lavage.4 While there have been no clinical reports, it has been suggested 
that such individuals may also be treated with parenteral cimetidine (to reduce acid secretion) and 
then given sips of slightly basic liquids to effect gradual dissolution of the enteric coating. Progress 
may be followed with plasma salicylate levels or via recognition of tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or complete gastrectomy may pro- 
duce reduced amounts of acid and therefore have less acidic gastric pH. Under these circumstances, 
the benefits offered by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1, Data on file, Glenbrook Laboratories. 2. Aspirin Myocardial Infarction Study Research Group: A 
randomized, controlled trial of aspirin in persons recovered from myocardial infarction. JAMA 
1980:245:661-669. 3. Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation of serum salic- 
ylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: Enteric-coated aspirin and the 
problem of gastric retention. J Rheumatol! 1984;11:250-251. 
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Exercise Test Predictors of Ambulatory 
Silent Ischemia During Daily Life in 
Stable Angina Pectoris 


Prakash C. Deedwania, MD, and Enrique V. Carbajal, MD, 
with the technical assistance of Kippur Spears 


The predictive value of several exercise test param- 


eters in identifying stable angina patients at risk of 
silent myocardial ischemia during daily life were 
examined. A total of 97 patients with coronary ar- 
tery disease, stable angina and ambulatory electro- 
cardiographic data were evaluated. Of the 86 pa- 
tients with a positive exercise test, 39 (group 1) 
had =1 episodes of ST-segment depression and 47 
(group 2) did not develop ST changes during ambu- 
latory electrocardiographic monitoring. Comparison 
of the exercise test parameters between the 2 
groups revealed early onset of ischemia during 
exercise tests as the single most significant (p 
<0.0005) predictor of ambulatory silent ischemia. 
The other exercise test parameters showing signifi- 
cant differences between the 2 groups were the 
peak exercise heart rate (117 + 23 vs 126 + 20 
beats/min, p <0.05) and peak systolic blood pres- 
sure (160 + 27 vs 176 + 27 mm Hg, p <0.01), 
both of which were significantly lower in the group 
1 patients. These data were used to derive simple 
mathematical formulas for calculating the risk of 
ambulatory silent ischemia. These results demon- 
strate that stable angina patients at risk of silent 
ischemia during daily life can be accurately identi- 
fied by evaluation of selected exercise test parame- 
ters. 

(Am J Cardiol 1990;66:1151-—1156) 
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ecent studies of patients with stable coronary ar- 

tery disease have demonstrated that silent myo- 

cardial ischemia during daily life is an indicator 
of adverse clinical outcome and poor survival.!? Al- 
though exercise test findings correlate well with subse- 
quent risk of cardiac events, it has been suggested that 
in patients with stable coronary artery disease and a 
positive exercise test, prolonged cumulative ischemia on 
ambulatory electrocardiographic monitoring identifies a 
subset of patients with extensive coronary artery disease 
and adverse prognoses.'-4 These findings have generat- 
ed considerable interest and enthusiasm for monitoring 
ambulatory ST-segment changes in patients with stable 
coronary artery disease. 

Recent technologic advances have led to the develop- 
ment of several reliable ambulatory electrocardiograph- 
ic monitoring systems for the detection of silent isch- 
emia during daily life; however, these systems are not 
readily available and routine ambulatory electrocardio- 
graphic monitoring in patients with stable angina would 
increase the cost of health care considerably. Although 
some series have reported silent ischemia in 40 to 50% 
of patients with stable angina,' a recent report suggest- 
ed a lower prevalence.’ Thus, routine ambulatory moni- 
toring for ST-segment changes seems impractical and 
may be unnecessary in a majority of patients with stable 
angina. However, it would be clinically useful if patients 
at risk of silent ischemia during daily life could be iden- 
tified based on results of exercise testing, which is per- 
formed routinely in these patients. In this prospective 
study we evaluated the predictive value of several com- 
monly used exercise test parameters in identifying those 
patients with stable exertional angina who are at risk of 
developing silent ischemia during daily life. 


METHODS 

Patients: Consecutive male patients (n = 97) with 
clinical evidence of coronary artery disease and stable 
angina were enrolled from the medicine and cardiology 
clinics between October 1985 and July 1987. All pa- 
tients gave informed consent for participation in the 
study, which was approved by the hospital’s human 
study and research committees. All patients had classic 
exertional angina for 26 months. The diagnosis of coro- 
nary artery disease was confirmed by =1 of the follow- 
ing: significant (270%) luminal diameter narrowing of 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15,1990 1151 








TABLE I Comparison of Baseline Clinical Characteristics of 
Patients With (Group 1) and Without (Group 2) Silent Ischemia 
During Ambulatory Electrocardiographic Monitoring 


Group 1 
(n = 39) 


6448 
103 + 76 
18 (46) 


25 (64) 
25 (64) 
10 (26) 


Group 2 
(n= 47) 


636 
112 +82 
23 (49) 


Mean age (yrs) 

Angina duration (mos) 

Previous myocardial 
infarction (%) 

Systemic hypertension (%) 

Cigarette smoking (%) 

Diabetes mellitus (%) 

Total cholesterol (mg/dl) 245+ 105 228 + 44 

Q waves (%) 17 (44) 18 (38) 


Values are mean + standard deviation. 
NS = not significant. 


>1 major coronary arteries, reversible myocardial per- 
fusion defect on exercise thallium-201 scintigraphy, or a 
well-documented myocardial infarction. Patients were 
excluded if they had conditions that affected the evalua- 
tion of ST depression on the electrocardiogram, such as 
severe left ventricular hypertrophy, left bundle branch 
block, preexcitation syndromes, pacemaker rhythms 
and uncorrected hypokalemia. Those receiving digitalis 
or tricyclic antidepressants were also excluded. All pa- 
tients continued taking antianginal drug therapy at sta- 
ble doses as prescribed by their primary physicians. 
Study design: Maximal treadmill testing was per- 
formed by a trained physician. The leads showing the 
greatest ST depression during exercise were selected for 
ambulatory electrocardiographic monitoring. Holter 
tapes were coded to mask the patients’ identities. The 
majority of patients had the exercise and ambulatory 
monitoring tests performed within a 6-month period. 
The results of ambulatory electrocardiographic record- 
ings and the exercise treadmill tests were analyzed inde- 
pendently at a later date in a blinded fashion. 
Ambulatory electrocardiographic monitoring: Con- 
tinuous 24-hour 2-channel ambulatory electrocardio- 
graphic recordings were obtained with validated and 
calibrated frequency modulated tape recorders (Oxford 
Medilog MR 20) with a frequency-response range be- 
tween 0.05 and 100 Hz, which meets the American 


31 (66) 
33 (70) 
12 (26) 


Patient population 


Inducible ischemia 
(exercise test) 


Spontaneous ischemia,n(#) 
(AEM) 


+ 
39 (45) 
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TABLE Il Comparison of Baseline Angiographic Data of 
Patients With (Group 1) and Without (Group 2) Silent Ischemia 
Detected by Ambulatory Electrocardiographic Monitoring 


Group 1 Group 2 Value 


Thallium-201 scintigraphy 27 
with reversible defect 
Mean score + SD 
Angiogram* 
No. of coronary arteries 
>70% in diameter 
1 (%) 
2(%) 
3(%) 
Left main artery 
No. with LVEF data 
Mean % LVEF 
* Angiographic findings showing >70% luminal narrowing. 


LVEF = left ventricular ejection fraction; NS = not significant; SD = standard 
deviation. 


Heart Association standards for evaluation of the ST 
segment. A left precordial and an inferior or anterior 
lead corresponding to the location of maximum ST de- 
pression during the exercise test were selected. The elec- 
trocardiograph leads with Q waves or baseline ST de- 
pression were avoided. Baseline electrocardiographic re- 
cordings were obtained for each patient before and after 
hyperventilation, and in the supine, prone, sitting and 
standing positions to ensure that the ST segment was 
not affected by these postural changes. Patients were 
instructed to press an event button on the recorder if 
they experienced an episode of angina during their usu- 
al activities and to record the number and duration of 
episodes. The tapes were scanned at 60 to 120 times 
real time on a playback analyzer unit (Oxford Medilog 
MA 20) by an experienced technician for the presence, 
frequency and duration of ischemic ST depression. An 
ischemic episode was defined as 21 mm horizontal or 
downsloping ST depression, 80 ms from the J point, and 
lasting 21 minute. An interval of 22 minutes, during 
which the ST segment returned to the baseline level, 
was required before another discrete episode was count- 


SAN 


Minutes 
è 


N 


Time to 1 mm ST $ 


Exercise Duration 


FIGURE 2. Comparison of exercise duration, exercise time to 
ischemia, and exercise time to angina between patients with 
(hatched bars) and patients without (open bars) silent isch- 
emia during ambulatory electrocardiographic monitoring. NS 
= not significant. 


ed. The technician scanning the tapes identified all isch- 
emic episodes meeting these criteria and recorded the 
time of onset, peak ST depression and termination of 
the events. Electrocardiographic tracings of these epi- 
sodes were obtained at a speed of 25 mm/s for review. 
Hourly examples of baseline measurements without ST 
changes were also recorded on paper. For each patient, 
the total number of episodes and the total duration of 
episodes in minutes were determined every 24 hours. All 
episodes of ST depression were identified as being either 
symptomatic or silent based on the details of angina di- 
aries. The ambulatory electrocardiographic recordings 
were blindly and independently reviewed by 22 experi- 
enced investigators, who performed visual and real-time 
printout analyses of the monitoring periods showing ST 
depression. In case of a discrepancy between the 2 ob- 
servers, the tapes were reanalyzed. Only those tapes 
with interpretable signals for 218 hours per recording 
period were included in the final analysis. 

Exercise testing: All patients underwent multistage 
symptom-limited exercise treadmill testing using the 
Bruce protocol. A positive exercise ischemic response 
was defined as 21 mm horizontal or downsloping ST 
depression measured 80 ms after the J point. The test 
was terminated at the point of physical exhaustion, se- 
vere angina, ST depression >2 mm, hypotension >20 
mm Hg, complex ventricular arrhythmia, severe dys- 
pnea, or claudication. The total exercise time, time to 
onset of ischemia, time to angina, heart rate and blood 
pressure at rest, at the onset of 1-mm ST depression and 
peak exercise and maximal ST depression during exer- 
cise were recorded. 

Statistical analysis: Based on the results of previous 
studies, several exercise test parameters were evaluated 
and compared between the 2 groups using the group ź 
test of significance. Subsequently, the relation between 
selected exercise test parameters and ambulatory elec- 
trocardiographic monitoring findings were evaluated by 
linear regression analysis. The clinical variables for the 
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FIGURE 3. Comparison of peak heart rate and peak systolic 
blood pressure during exercise between patients with 
(hatched bars) and patients without (open bars) silent isch- 
emia during ambulatory monitoring. 








2 groups were compared using unpaired ż test of signifi- 
cance for continuous variables, and chi-square analysis 
was performed for categorical variables. Data are ex- 
pressed as frequency or mean (+ standard deviation) 
for normally distributed and continuous variables, re- 
spectively; otherwise, they are reported as the median 
and range. Statistical significance is defined by a p val- 
ue $0.05. 

Classification of patients at risk of ambulatory si- 
lent ischemia: The exercise test data were analyzed by 2 
separate methods to derive simple mathematic formulas 
to calculate the risk of ambulatory silent ischemia. The 
first method used a pattern classification system,° and 
the second used a binary decision tree. The pattern clas- 
sification system used a supervised learning approach, 
in which data of known classification were used to es- 
tablish weights for each parameter contributing to the 
decision. The magnitude of each weight indicated the 
degree to which that parameter contributed to the final 
outcome for detection of ambulatory silent ischemia. 
This resulted in a simple algebraic expression, which 
yields a numerical value when data for each case are 
entered. A negative value identifies patients at risk, 
whereas a positive value identifies those not at such risk. 
The numerical magnitude also correlates with the de- 
gree of certainty regarding the accuracy of the classifi- 
cation. 

The second method used a binary decision tree, 
which the evaluator follows in order to classify the pa- 
tients with and without risk of ambulatory silent isch- 
emia. In a stepwise manner, the top node of the tree 
initially asked if a given variable was < or > an as- 
signed value. If it was > the assigned value, the evalua- 
tor proceeded down the tree to the right; if it was < the 
assigned value, the evaluator proceeded down to the left. 
The final destination was a terminal node, which classi- 
fied the patients into groups with and without ambula- 
tory silent ischemia. 


RESULTS 

Clinical characteristics: The mean age of the group 
(n = 97) was 63 + 7 years, with an average duration of 
angina of 107 + 79 months. There were 86 patients 
with and 11 without inducible ischemia during exercise 
testing (Figure 1). Ambulatory electrocardiographic 


(B)Ischemic Time 


(A) Ischemic Events 


FIGURE 4. Pie charts showing the proportion of silent 


(hatched areas) and (open areas) ischemic 
events (A) and total ischemic (B) during ambulatory elec- 
trocardiographic monitoring. 
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monitoring revealed >1 transient ischemic event in 45% 
of patients with compared to only 18% (2 of 11) of pa- 
tients without a positive exercise test. To compare the 
predictive value of exercise parameters in identifying 
patients at risk of silent ischemia during daily life, the 
86 patients with a positive exercise test and ambulatory 
monitoring data were divided into 2 groups: patients 
with (group 1, n = 39) and without (group 2, n = 47) 
transient ischemia during ambulatory electrocardio- 
graphic monitoring. Comparison of baseline clinical 
characteristics (Table I) and angiographic findings (Ta- 
ble II) revealed no significant difference between the 
groups. 

Exercise test parameters: Although the total exer- 
cise time did not differ significantly between the groups 
(Figure 2), the time to ischemia during exercise was 
significantly shorter (3.7 + 1.8 vs 5.0 + 1.7 minutes, p 
<0.0005) in patients with ambulatory silent ischemia. 
Comparison of patients with exercise-induced silent 
ischemia did not reveal a significant difference between 
the 2 groups (38 and 43% in groups | and 2, respective- 
ly) and absence of exertional angina did not predict risk 
of ambulatory silent ischemia. Analysis of hemodynam- 
ic parameters during exercise revealed significant differ- 
ences between the groups (Figure 3). The peak heart 
rate (117 + 23 vs 126 + 20 beats/min, p <0.05) and 
peak systolic blood pressure (160 + 27 vs 176 + 27 mm 
Hg, p <0.01) during exercise were significantly lower in 
patients with ambulatory silent ischemia. 


Ambulatory Silent Ischemia 
(minutes) 


3 oa 5 7 


Exercise Time to 1 mm ST} 
(minutes) 





FIGURE 5. Linear regression analysis plot of ambulatory si- 
lent ischemia duration versus exercise time to onset of isch- 
emia. An inverse correlation (r = —0.32, p = 0.004) that is 

significant but weak is demonstrated. 
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Ambulatory electrocardiographic findings: During 
2,064 hours of ambulatory electrocardiographic moni- 
toring, there were 154 transient ischemic events. Ap- 
proximately 86% of these ischemic events were silent 
and accounted for the majority of the total (5,500 min- 
utes) ischemic time (Figure 4). The average number 
and duration of ischemic events during the 24-hour 
monitoring period was 3.4 + 3 and 117 + 115 minutes 
(median 70; range 8 to 468), respectively. There were 
29 (74%) patients with silent ischemic events only, and 
10 had both silent and symptomatic events during am- 
bulatory electrocardiographic monitoring. Although the 
duration of symptomatic events (55 + 63 minutes) was 
longer than silent events (27 + 18), this was not statisti- 
cally significant. 

Exercise test predictors of ambulatory silent isch- 
emia: Several exercise test parameters were tested for 
their ability in identifying patients at risk of ambulatory 
silent ischemia. The number and duration of silent isch- 
emic events during ambulatory electrocardiographic 
monitoring were correlated with selected exercise test 
variables by linear regression analyses. There was no 
relation between the ambulatory monitoring findings 
and the total exercise duration or exercise time to angi- 
na. Although patients with ambulatory silent ischemia 
had significantly lower peak heart rate and systolic 
blood pressure during exercise, these parameters also 
did not show any correlation with Holter monitoring 
findings. In contrast, the time to onset of exercise-in- 
duced ischemia showed a significant relation with 
Holter findings. Figure 5 shows a significant (p <0.005) 
although weak inverse relation (r = —0.32) between the 
duration of ambulatory silent ischemia and time to on- 
set of ischemia during exercise testing. Of 39 patients 
with silent ischemia during daily life, 37 (95%) devel- 
oped ischemia within the first 6 minutes of exercise test- 
ing (95% confidence intervals, 81 to 99%). 

Prediction of ambulatory silent ischemia by mathe- 
matic models: Both mathematic models provided clini- 
cally useful predictive formulas for identification of pa- 
tients at risk of silent ischemia during daily life. The 
first method, using a pattern classification system (Fig- 
ure 6), produced the following algebraic expression: De- 
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Classification 
Prediction * 
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FIGURE 6. Results of analysis by pattern classification meth- 

od in predicting risk of ambulatory silent ischemia (SI) using 
the formula D = (6t + 37d/10,000) — 92, where t = time to 
onset of ischemia (minutes) and d = peak double product. The 
derived score D of <0 indicates risk of silent ischemia during 
ambulatory electrocardiographic monitoring (AEM). 


rived score (D) = (6t + 37d/10,000) — 92, where t = 
time to onset of exertional ischemia and d = peak exer- 
cise double product; if D was <0 it indicated risk of 
ambulatory ischemia, and if >0 it suggested no risk. 
The sensitivity, specificity and predictive accuracy by 
this method were 65, 84, and 76%, respectively. 

The results of the second method, using the binary 
decision tree, are shown in Figure 7. Of the 82 patients 
with a positive exercise test, 54 developed ischemia 
within 4.25 minutes of exercise and were initially classi- 
fied as those at risk of ambulatory silent ischemia. They 
were further substratified based on a peak exercise dou- 
ble product of <20,000 or more. Of these 54, 28 had a 
peak exercise double product <20,000, and 23 (82%) of 
these 28 had ambulatory silent ischemia. In contrast, 
only 2 (11%) of the 18 patients with delayed onset of 
ischemia (>4.25 minutes) and a higher (>20,000) peak 
exercise double product had silent ischemia during am- 
bulatory monitoring. The overall sensitivity, specificity 
and predictive accuracy of this method were 62, 89 and 
77%, respectively (Figure 8). 


DISCUSSION 

These findings demonstrate that selected exercise 
test parameters can accurately identify stable angina 
patients who are at risk of ambulatory silent ischemia 
during daily life. 

Although we only had a small number of patients 
with a negative exercise test (2 of 11), our data in such 
patients are consistent with the results of several recent 
studies in showing that stable angina patients with a 
negative exercise test rarely develop silent ischemia dur- 
ing ambulatory monitoring.’-!° In the most recent study 
of 277 patients with coronary artery disease, Mulcahy 
et al? found that >90% of ischemic episodes on ambula- 
tory monitoring occurred in patients with a positive ex- 
ercise test. These findings are of clinical importance and 
show that ambulatory ST-segment monitoring is of lit- 
tle clinical benefit in patients with a negative exercise 
test. Most previous reports, however, failed to address 
the issue of risk stratification for ambulatory silent isch- 
emia in the vast majority of patients with coronary ar- 
tery disease who have a positive exercise test. 


Group with exercise (n=82) 
induced ischemia 


Time to onset of 
induced ischemia 
(minutes) 


Peak exercise DP £20,000 >20,000 < 
(HRxSBP) (n=28) (n=26) (n=10 


20 
) 
Predictive (+) AEM (n=23)|/| (+) AEM (n=10) (+) AEM (n=2) (+) AEM (n=2) 
accuracy (-) AEM (n=5)//(-) AEM (n=16) (-) AEM (n=8)/||(-) AEM (n=16) 


, 000 >20,000 
(n=18) 





FIGURE 7. Stratification of 82 patients by the binary decision 
tree method. The top node of the tree stratifies patients based 
on time to onset of ischemia during exercise testing and the 
subsequent classification is based on peak exercise double 
product <20,000 or more. The terminal node shows the final 
results based on ambulatory electrocardiographic monitoring 
(AEM) findings. DP = double product; HR = heart rate; SBP = 
systolic blood pressure; SI = silent ischemia. 








It is known that in patients with stable coronary ar- 
tery disease and exercise-induced ischemia, most (70 to 
80%) transient ischemic episodes are not associated with 
symptoms.':!!-!4 Because the presence of ambulatory 
silent ischemia is associated with adverse clinical out- 
come and poor survival,'? ambulatory ST-segment 
monitoring is gaining popularity in the clinical evalua- 
tion of patients with coronary artery disease. However, 
the technologic requirements, lack of availability of ap- 
propriate equipment and the associated high cost make 
routine ambulatory electrocardiographic monitoring im- 
practical. Although the exact prevalence is not known, 
it is estimated, based on available data, that between 37 
and 50% of stable angina patients with a positive exer- 
cise test are at risk of silent ischemia during daily life.!~3 
Thus, it would be useful if such patients could be identi- 
fied by the evaluation of clinical characteristics and 
data obtained during routine exercise treadmill testing. 

Our findings show that most patients with a positive 
exercise test who are at risk of silent ischemia during 
daily life can be accurately identified by evaluation of 
selected exercise test parameters obtained during rou- 
tine testing. The most important parameter was the 
time to onset of exercise-induced ischemia. Of the 39 
patients with 21 episodes of transient ischemia during 
ambulatory monitoring, 37 (95%) developed ischemia 
within the first 6 minutes of exercise testing and thus 
could be identified by using this simple exercise test pa- 
rameter. These findings are similar to those of a previ- 
ous report in a smaller group of patients. In that study, 
the relation between exercise-induced ischemia and the 
out-of-hospital ischemic activity was evaluated in 39 pa- 
tients with documented coronary artery disease and re- 
vealed earlier onset of ST-segment depression during 
exercise testing as the most significant predictor of out- 
of-hospital ischemic activity. 

Although time to onset of exercise-induced ischemia 
is a predictor of ambulatory silent ischemia, a contro- 
versy remains regarding its relation with the duration of 
ischemia during ambulatory monitoring.* In contrast 
to these previous observations, the linear regression 
analysis in our study revealed an inverse relation be- 
tween the time to onset of ischemia during exercise and 
the duration of silent ischemia during ambulatory elec- 
trocardiographic monitoring (Figure 5). Although sta- 
tistically significant, this relation is weak (r = —0.32) 
and may be related to the fact that ischemia during dai- 
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ly life occurs due to mechanisms other than those re- 
sponsible for exercise-induced ischemia. The results of a 
previous report'! demonstrated that many episodes of 
silent ischemia during daily life occur without a signifi- 
cant increase in the heart rate and may be secondary to 
a primary decrease in coronary blood flow. 

Predictive model for ambulatory silent ischemia: 
The pattern recognition analysis and the binary decision 
tree model are simple methods that can be used in the 
routine clinical setting to evaluate the risk of ambulato- 
ry silent ischemia on a case-by-case basis. By using the 
simple calculation—the time to onset of exercise-in- 
duced ischemia and peak double product—these formu- 
las provide reliable means of predicting the risk of silent 
ischemia during daily life. In the pattern classification 
system, a simple formula can be used: D = (6t + 37d/ 
10,000) — 92, where t = time to onset of ischemia 
(minutes) and d = peak double product. If the derived 
score D is <0, it indicates risk of silent ischemia during 
daily life. 

In the binary decision tree model, a simple evalua- 
tion using the time to onset of exercise-induced ischemia 
of <4.25 minutes initially identifies most patients at 
risk of ambulatory silent ischemia. Further stratification 
by using the peak double product of <20,000 identified 
the group (80% of patients) at greatest risk of silent 
ischemia during daily life. 

Conclusions: Our results provide clinically relevant 


information by showing that selected exercise test pa- 


rameters obtained during routine testing can accurately 
predict the risk of silent ischemia during daily life. Al- 
though it is generally believed that most patients with 
stable coronary artery disease and a positive exercise 
test are at increased risk of silent ischemia during daily 
life, our data show that simple evaluation using the time 
to onset of ischemia and the peak double product ob- 
tained during a routine exercise test can accurately 
identify patients at greatest risk. The 2 simple formulas 
provided for calculating the risk of ambulatory silent 
ischemia should be useful in determining the need of 
ambulatory electrocardiographic monitoring for pa- 
tients who may be at increased risk of future cardiac 
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events because of the presence of silent ischemia during 
daily life. 
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The only available thrombolytic 
agent equivalent to human 
tissue plasminogen activator 


No pattern of serious or life-threatening allergic reactions has been reported in over 150,000 
patients treated 


Because Activase® is a recombinant natural protein, it does not react with antistreptococcal 
antibodies, thereby reducing the concern regarding therapeutic failures 


No reported episodes of infusion-related hypotension requiring emergency intervention 


Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase’ is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information.) 


ACTIVASE 


ALTEPLASE RECOMBINANT 
Genentech; Inc. A TISSUE PLASMINOGEN ACTIVATOR 


© 1990 Genentech”, Inc. Please see brief summary of prescribing information on facing page 








k w ALTEPLASE, RECOMBINANT 


_ATISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi ae coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

ACTIVASE® is also indicated in the management of acute massive pulmonary embolism (PE) in 
adults: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
multiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
hemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
should beconfirmed by objective means, such as pulmonary angiography or noninvasive procedures such 

as te] scanning. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE” 
is contraindicated in the following situations: - Active internal bleeding + History of cerebrovas- 
cular accident - Recent (within two months) intracranial or intraspinal surgery or trauma Loa 
WARNINGS) + Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: «Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
Sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) oceur, the infusion of ACTIVASE® and 
a concomitant heparin should be terminated a te 

ach patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 

ainst the anticipated benefits: + Recent (within 10 days) major surgery, e.g., coronary artery bypass 
graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels + Cerebrovas- 
cular disease « Recent (within 10 days) gastrointestinal or genitourinary bleeding « Recent (within 10 
days) trauma + Hypertension: systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High 
likelihood of left heart thrombus, e.g., mitral stenosis with atria! fibrillation + Acute pericarditis + 
Subacute bacterial endocarditis e Hemostatic defects including those secondary to severe hepatic or 
renal disease + Significant liver dysfunction + Pregnancy * Diabetic hemorrhagic retinopathy, or other 
hemorrhagic ophthalmic conditions + Septic thrombophlebitis or occluded AV cannula at seriously 
infected site + Advanced age, i.e., over 75 years old + Patients currently receiving oral anticoagulants « 
Any other condition in which bleeding constitutes a significant hazard or would be particularly 
difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered, 
Pulmonary Embolism It should be recognized that the treatment of pulmonary embolism with 
ACTIVASE® Alteplase, has not been shown to constitute adequate clinical treatment of underlying 
deep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
deep venous thrombi should be considered. 

PRECAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
should be implemented concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
ture must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
bleeding, ACTIVASE® and heparin should be discontinued immediately. Heparin effects can be 
reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

_ Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 

. iz activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 

CTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin ("50-200 units/mL) can to some 

_ extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
(such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
d iak seat reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
udies to determine mutagenicity (Ames test) and chromosoma’ aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
pl Tea was evidenced only after prolonged exposure and only at the highest concentra- 
tested. 

_ Nursing Mothers |t is not known whether ACTIVASE® is excreted ir human milk. Because many 
rups are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 
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ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients % 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials1-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only. ACUTE MYOCAR- 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptoms. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

atte the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately 
following the ACTIVASE® infusion when the partial thromboplastin time or thrombin time returns to 
twice normal or less. 


A DOSE OF 150 MG OF ACTIVASE” SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
AE P mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the reconsti- 
tuted solution may be diluted further immediately before administration in an equal volume of 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentration of 0.5 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is stable for up to 
8 hours in these solutions at room temperature. Exposure to light has no effect on the stability of 
these solutions. Excessive agitation during dilution should be avoided; mixing should be accom- 

lished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile 
ater for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

REFERENCES: 

1. Topol, E.J., Morriss, D.C., Smalling, R.W., etal., A Multicenter, Randomized, Placebo-Controlled Trial 
of a New Form of Intravenous Recombinant Tissue-Type Plasminogen Activator (Activase®) in Acute 
Myocardial Infarction. J Am. Coll. Card. 9:1205-1213, 1987. 2. Guerci, A.D., Gerstenblith, G., Brinker, J.A., 
et al., A Randomized Trial of Intravenous Tissue Plasminogen Activator for Acute Myocardial Infarction 
with Subsequent Randomization of Elective Coronary Angioplasty. New Engl. J. Med., 317:1613-1618, 
1987. 3. O'Rourke, M., Baron, D., Keogh, A., etal., Limitation of Myocardial Infarction by Early Infusion 
of Recombinant Tissue-Plasminogen Activator, Circulation, 77: 1311-1315, 1988. 4. Wilcox, R.G., von der 
Lippe, G., Olsson, C.G., et al., Trial of Tissue Plasminogen Activator for Mortality Reduction in Acute 
Myocardial Infarction: ASSET. Lancet 2:525-530, 1988. 5. Hampton, J.R., The University of Nottingham, 
Personal Communication. 6. Van de Werf, F, Arnold A.E.R., etal., Effect of Intravenous Tissue-Plasmin- 
ogen Activator on Infarct Size, Left Ventricular Function and Survival in Patients with Acute Myocardial 
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Compliments of Merck Sharp & Dohme, a one 
year subscription to the American Journal of 
Cardiology is provided to each Fellow in Cardi- 
ology in the U. S. 


CARDIOLOGIST—8C/BE sought to join a large hospital 
based multispecialty clinic. University affiliated residency 
program. Excellent fringe benefits. Competitive salary. Cal- 
ifornia license required. Send CV to Aung-Win Chiong, MD, 
The Permanente Medical Group, Inc., 2025 Morse Avenue, 
Sacramento, CA 95825. 


CHIEF, DIVISION OF CARDIOLOGY — Outstanding investigator-clini- 
cian-teacher eligible for appointment at full professor level is sought 
to direct the Division of Cardiology at Winthrop-University Hospital, a 
548-bed voluntary teaching hospital of The Health Sciences Center, 
SUNY at Stony Brook. The division is responsible for education of 
medical students, residents and fellows and has an active CME pro- 
gram for its large staff of cardiology attendings. In addition to its 
active clinical research pregram the division participates in a number 
of multicenter trials. Cardiac catheterization, echocardiographic, nu- 
clear cardiology and electrophysiology labs are modern and expand- 
ing, as are the number of coronary care patients. A new ambulatory 
cardiology facility has recently been opened. There is a long-standing 
growing open heart program. Candidates must have demonstrated 
strong managerial and leadership skills as well as national reputa- 
tion. Send CV to John F. Aloia, M.D., Professor of Medicine, Chair- 
man, Department of Medicine, Winthrop-University Hospital, 259 
First Street, Mineola, NY 11501. 


ELECTROPHYSIOLOGISTS 


Two electrophysiologists needed for an ac- 
tive academic E.P. laboratory with the one indi- 
vidual serving as the laboratory director. The 
laboratory is equipped for all aspects of electro- 
physiology testing. There is also an active insti- 
tutional surgical arrhythmia program. The posi- 
tion also requires an interest in research and 
teaching. Academic rank depends on qualifica- 
tions. 

Reply by letter and C.V. to: 


David M. Leaman, M.D. 
Division of Cardiology 
Department A 
University Hospital 
The Pennsylvania State University 
The Milton S. Hershey Medical Center 
P. O. Box 850 
Hershey, Pennsylvania 17033 


An Affirmative Action/Equal Opportunity Employer 
Women and minorities encouraged to apply. 


Deadline for receipt of applications is January 
31, 1991. 
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Relevant. Practical. Timely. THE AMERICAN 
JOURNAL OF MEDICINE breaks new ground in 
every monthly issue. The original papers published 
in the “Green Journal” are essential reading for all 
practicing physicians in internal medicine. 


Thorough, exceptional coverage. To serve your 
information needs the “Green Journal” publishes: 


@ Definitive Clinical Studies...offering new information 
and innovations on the pathogenesis of disease. 


è Critical Reviews...contributed viewpoints weighing 
the evidence on both sides of a controversial subject. 


è Readable Editorials...on a variety of scientific and 
humanistic topics from prominent physicians. 


è Editorial Case Reports... illustrating unique cases 
selected for the valuable lessons they provide. 


è And so much more... 


Subscribe now and save. Enter your personal 
subscription to AJM at the special rate of only $49.50* 
for one year (12 issues). You save $16.50 off the basic 
rate! In the USA, call toll-free, 1-800-327-9021. 

Or write AJM Circulation Dept., P.O. Box 173306, 
Denver, CO 80217-3306. 


*For New Subscribers in the USA only. The non USA subscription rate for 1 year 


is $125.00. 





Effects of Theophylline, Atenolol and Their 
Combination on Myocardial Ischemia in 
Stable Angina Pectoris 


Filippo Crea, MD, Giuseppe Pupita, MD, Alfredo R. Galassi, MD, Hassan El-Tamimi, MD, 
Juan Carlos Kaski, MD, Graham J. Davies, FRCP, and Attilio Maseri, FRCP 


The effects of theophylline (400 mg twice a day), 
atenolol (50 mg twice a day) and their combination 
on myocardial ischemia were studied in 9 patients 
with stable angina pectoris in a randomized, single- 
blind, triple crossover trial. Placebo was adminis- 
tered to the patients during the run-in and the 
run-off periods. A treadmill exercise test and 24- 
hour ambulatory electrocardiographic monitoring 
were obtained at the end of each treatment period. 
Compared with placebo, theophylline significantly 
improved the time to onset of myocardial ischemia 
(1 mm of ST-segment depression) from 7.8 + 3.7 
to 9.5 + 3.7 minutes (p <0.03) and the exercise 
duration from 9 + 3.4 to 10.1 + 3.5 minutes 

(p <0.04). During atenolol and during combination 
treatment, the time to the onset of ischemia and the 
exercise duration were similar (10.8 + 4.2 and 
11.2 + 3.2 minutes, 11.2 + 3.6 and 11.5 + 3.2 
minutes, respectively) and longer than during the- 
ophylline administration (p <0.05). Ambulatory 
electrocardiographic monitoring showed that, dur- 
ing theophylline administration, the heart rate was 
higher than during placebo throughout the 24 
hours (p <0.05). During atenolol and during combi- 
nation treatment the heart rate was similar and in 
both cases lower than during placebo (p <0.05). 
Compared with placebo, theophylline decreased the 
total ischemic time from 97 + 110 to 70 + 103 
minutes (p <0.05). During combination treatment 
the total ischemic time (5.6 + 8.5 minutes) was not 
statistically different from that during atenolol ad- 
ministration (18 + 29 minutes), although it was 
significantly lower than that observed during the- 
ophylline administration (p <0.05). Thus, in pa- 
tients with stable angina pectoris the long-term ad- 
ministration of theophylline improves myocardial 
ischemia, but to a lesser degree than atenolol. De- 
spite the fact that atenolol abolishes the undesir- 
able chronotropic effect of theophylline and the lat- 


From the Cardiovascular Unit, RPMS-Hammersmith Hospital, Lon- 


don. This study was supported in part by grant 88/119 of the British 
Heart Foundation, London, United Kingdom. Manuscript received 
May 21, 1990; revised manuscript received and accepted July 10, 1990. 
Dr. Crea is a Maurice Wohl Foundation Lecturer. 
Address for reprints: Filippo Crea, MD, Cardiovascular Unit, 
Hammersmith Hospital, Du Cane Road, London W12, United King- 
dom. 


ter probably reduces the undesirable increase of 
cardiac volumes caused by atenolol, their combina- 
tion does not show detectable additive effects. 

(Am J Cardiol 1990;66:1157-1162) 


line administration results in a striking improve- 

ment in effort-induced myocardial ischemia.!~4 
We have previously demonstrated that this beneficial 
effect is not due to dilation of epicardial coronary arter- 
ies,>4 as previously thought.> We also postulated? that 
the antiischemic effect of theophylline is probably medi- 
ated by redistribution of coronary blood flow from the 
nonischemic to the ischemic myocardium, because it is 
unlikely that this drug decreases myocardial oxygen 
consumption.®’ If this hypothesis is correct, the combi- 
nation of atenolol and theophylline should produce an 
antiischemic effect greater than each single drug be- 
cause (1) their mechanisms of action appear to be com- 
plementary in so far as 6-adrenergic blocking agents are 
thought to improve myocardial ischemia by a reduction 
of myocardial oxygen consumption’; and (2) atenolol 
might abolish the undesirable positive chronotropic ac- 
tion of theophylline,” whereas theophylline, by increas- 
ing venous distensibility,'? might limit the undesirable 
cardiac dilation caused by atenolol.!!!2 The present 
study is a single-blind randomized trial of the effect of 
theophylline, atenolol and their combination on exercise 
capacity and on myocardial ischemia during unrestrict- 
ed daily life in 9 patients with stable angina pectoris. 


Ric: studies have confirmed that acute theophyl- 


METHODS 

Patients: Nine men (aged 51 to 69 years, mean 60) 
with stable effort angina pectoris (symptom duration 
ranging from 5 months to 8 years, mean 2.8 years), an 
exercise test positive for angina and myocardial isch- 
emia (horizontal or downsloping ST-segment depression 
>1 mm), and documented coronary artery disease (in- 
ternal diameter reduction >70% of at least 1 major 
branch) participated in this trial. All patients had repro- 
ducible positive exercise test results. Coronary angiogra- 
phy showed 1-vessel disease in 2 patients, 2-vessel dis- 
ease in 4 patients and 3-vessel disease in 3 patients. Two 
patients had had a myocardial infarction >3 months be- 
fore the study. All patients were normotensive, in sinus 
rhythm and without evidence of heart failure, cardio- 
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myopathy or valvular disease. No patient had evidence 
of left ventricular hypertrophy or conduction defects on 
the electrocardiogram that might have interfered with 
the interpretation of ST-segment changes and no pa- 
tient was taking digitalis. The weight of all patients was 
within 2 standard deviations of the ideal weight. Four of 
the 9 patients who underwent the trial were ex-cigarette 
smokers. However, because of the history of chronic sta- 
ble angina, they had been recommended to stop smok- 
ing =6 months before the study. All patients gave writ- 
ten informed consent before entry into the study, which 
had been approved by the Hammersmith Hospital Eth- 
ics Committee. 

Study design: We compared the antiischemic effect 
of theophylline (400 mg twice a day), atenolol (50 mg 
twice a day) and their combination (at the same doses) 
using a randomized, single-blind, triple crossover trial of 
three 5-day periods. Placebo was administered to the 
patients during the run-in and run-off periods, each of 
3-days’ duration (Figure 1). Nitrates, other than sublin- 
gual nitroglycerin, and calcium blocking agents were 
discontinued 2 days before the run-in period, 6-adrener- 
gic blocking agents 4 days before. Objective evaluation 
of myocardial ischemia was obtained using exercise 
testing and 24-hour ambulatory electrocardiographic 
monitoring on day 5 of each treatment period and on 
day 3 of both run-in and run-off periods. 

Symptom-limited, computer-assisted (CASE Mar- 
quette 12) treadmill exercise tests were performed at 
the same time of day, between 4 and 6 hours after last 
dose of treatment, using the modified Bruce protocol. A 
12-lead electrocardiogram and blood pressure measure- 
ments (cuff sphygmomanometer) were obtained imme- 
diately before the test, at 1-minute intervals during the 
exercise, and at 5 and 10 minutes after exercise. Three 
electrocardiographic leads were continuously monitored 
before, during and after exercise. 

Ambulatory electrocardiographic recordings were 
obtained from pre-jelled electrodes, positioned after 
careful skin preparation to record 2 bipolar leads (modi- 
fied lead III and an anterior lead), using 2-channel am- 
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FIGURE 1. Diagrammatic representation 
ods the exercise test (ET) and ambulatory 
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plitude modulated recorders (Marquette 8500). The an- 
terior lead selected for each patient was that which had 
no Q wave and had shown maximal ST-segment depres- 
sion during exercise. All patients were instructed to con- 
tinue their normal daily activity and to use nitroglycerin 
only for symptomatic relief. 

Data analysis: For each exercise test the level of the 
ST segment, 60 ms after the J point, was calculated 
after signal averaging by a computer-assisted system in 
all 12 leads every minute. This provided measurements 
of the ST-segment level with an accuracy of 0.1 mm. 
The lead showing the greatest ST-segment depression 
was selected for analysis. The following parameters 
were then measured: (1) time, in minutes, to the onset 
of 1 mm of ST-segment depression; (2) heart rate and 
heart rate—blood pressure product at the onset of 1 mm 
ST-segment depression; and (3) total exercise time, in 
minutes. The exercise tests were analyzed in a blinded 
manner to the treatment. 

The tapes obtained during ambulatory electrocardio- 
graphic monitoring were assessed using a Marquette 
Laser Holter System 8000. From each 24-hour period, 
the following data were obtained: (1) mean heart rate 
for each hour: (2) number of transient episodes of sig- 
nificant ST-segment depression (>1 mm 60 ms after 
the J point, lasting for at least 1 minute, with gradual 
onset and termination); (3) total duration of myocardial 
ischemia; (4) incidence of asymptomatic episodes; and 
(5) number of supraventricular and ventricular extra- 
systoles. The tapes were analyzed in a blinded fashion to 
the treatment. The number of anginal episodes was also 
obtained for each ambulatory electrocardiographic 
monitoring period. 

The statistical analysis of the results relative to exer- 
cise tests was performed using analysis of variance; pair- 
wise comparisons were obtained using a ¢ test with 
Bonferroni correction. The results of ambulatory elec- 
trocardiographic monitoring were analyzed using the 
Wilcoxon rank test. The results obtained with placebo, 
during the run-in and the run-off periods, were aver- 
aged for comparison with the results obtained during 
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of study design. At the end of each treatment period and of the run-in and run-off peri- 
electrocardiographic monitoring (AEM) were obtained in each patient. 


the active treatment phases. A p value <0.05 was con- 
sidered statistically significant. Data are presented as 
mean + | standard deviation. 


RESULTS 

Adverse effects: During theophylline administra- 
tion, 7 of the 9 patients had headache, particularly dur- 
ing the first few days of treatment; 4 reported occasion- 
al episodes of palpitation and 3 complained of heart- 
burn. These adverse effects were less pronounced during 
the administration of combination treatment. In no pa- 
tient was it necessary to discontinue theophylline ad- 
ministration because of adverse effects. No patient had 
obvious adverse effects during atenolol administration. 

Exercise testing: During the 2 exercise tests per- 
formed with placebo, the time to 1 mm of ST-segment 
depression (7.7 + 3.6 and 7.9 + 3.7 minutes, difference 
not significant [NS]) and the exercise duration (8.8 + 
3.7 and 9.2 + 3.1 minutes, p = NS) were similar. The 
heart rate (104 + 12 and 110 + 10 beats/min, p = NS) 
and the heart rate-blood pressure product (169 + 33 
and 175 + 35 beats/min/100 mm Hg, p = NS) at 1 
mm of ST-segment depression were also similar. 

Theophylline administration, compared with place- 
bo, increased the time to 1 mm of ST-segment depres- 
sion from 7.8 + 3.7 to 9.5 + 3.7 minutes (p <0.03) and 
the exercise duration from 9 + 3.4 to 10.1 + 3.5 min- 
utes (p <0.04). Both during atenolol and during combi- 
nation treatment the time to 1 mm of ST-segment de- 
pression (10.8 + 4.2 and 11.2 + 3.2 minutes) and the 
exercise duration (11.2 + 3.6 and 11.5 + 3.2 minutes) 
were similar, but longer than during theophylline ad- 
ministration (p <0.05) (Figure 2). The latter, compared 
with placebo, increased heart rate at 1 mm of ST-seg- 


FIGURE 3. Heart rate and heart rate—blood 
pressure product at 1 mm of ST-segment de- 
pression during exercise testing during treat- 


pressure 
depression. *p <0.03 vs placebo; 
°p <0.01 vs theophylline. 
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FIGURE 2. Time to 1 mm of ST-segment depression and exer- 
cise duration during treatment with placebo (P), theophylline 
(T), atenolol (A) and their combination (A+T). Theophylline ad- 


time to 1 mm of ST-segment depression and exercise dura- 
tion. The beneficial effects of atenolol and of combination 
treatment were similar and more pronounced than those pro- 
duced by theophylline. *p <0.04 vs placebo; °p <0.05 vs the- 
ophylline. 


ment depression from 107 + 10 to 120 + 13 beats/min 
(p <0.005), and the heart rate-blood pressure product 
at 1 mm of ST-segment depression from 172 + 34 to 
193 + 46 beats/min X mm Hg X 107? (p <0.03). Dur- 
ing atenolol administration the heart rate-blood pres- 
sure product at 1 mm of ST-segment depression was 
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similar to that during combination treatment (144 + 38 
and 147 + 40 beats/min X 100 mm Hg X 107?) and 
lower than that during placebo (p <0.03) (Figure 3). 
The amount of ST-segment depression at peak exercise 
during theophylline administration (1.4 + 0.4 mm), 
during atenolol administration (1.3 + 0.5 mm) and dur- 
ing combination treatment (1.2 + 0.3 mm) were not 
significantly different from those during placebo (1.5 + 
0.4 mm). 

Ambulatory electrocardiographic monitoring: The 
mean value of heart rate obtained for each hour of am- 
bulatory electrocardiographic monitoring was higher 
during theophylline administration than during placebo, 
throughout the 24 hours (p <0.05). The heart rate was 
similar during atenolol and during combination treat- 
ment; in both cases it was lower than during placebo (p 
<0.05) (Figure 4). 

The number of transient ischemic episodes and the 
total ischemic time during the run-in period were simi- 
lar to those during the run-off period (2.8 + 2.8 and 2 
+ 1.8 episodes, 105 + 120 and 89 + 117 minutes, re- 
spectively). 

During theophylline administration the number of 
transient ischemic episodes was similar to that during 
placebo (2.2 + 2.2 and 2.4 + 1.5 episodes), although 
the total ischemic time was significantly less (70 + 103 
vs 97 + 110 minutes, p <0.05). The number and the 
total duration of transient ischemic episodes during 
atenolol administration were similar to those observed 
during combination treatment (1.1 + 1.7 and 0.5 + 0.7 
episodes, 18 + 29 and 5.6 + 8.5 minutes, respectively) 
and lower than during placebo (p <0.05). The total 
ischemic time during combination treatment was signif- 


HR 
(beats/min) 


Atenolol 
Theophylline 
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FIGURE 4. Heart rate (HR) obtained from ambulatory 





icantly lower than during theophylline administration (p 
<0.05). The incidence of silent episodes and of supra- 
ventricular and ventricular extrasystoles was similar for 
the 3 different treatments (Table I). A short episode of 
atrial flutter was observed in 1 patient during theophyl- 
line administration. 


DISCUSSION 

This study shows that in patients with stable angina 
pectoris the long-term administration of theophylline 
improves myocardial ischemia during both exercise test- 
ing and ambulatory electrocardiographic monitoring. 
The antiischemic effect of theophylline, however, as 
previously reported for nifedipine and nitrates,'3-!> is 
less powerful than that obtained with atenolol. Surpris- 
ingly, the beneficial actions of atenolol and theophylline 
do not appear to be additive. 

The improvement of the exercise duration and of the 
heart rate-blood pressure product at the onset of myo- 
cardial ischemia (1 mm of ST-segment depression) ob- 
tained in this study with long-term administration of 
oral theophylline administration, was less pronounced 
than that previously found after its intravenous adminis- 
tration.'-* This could be explained by the rather vari- 
able absorption of oral theophylline that may result in 
plasma drug concentrations lower than those achieved 
by intravenous administration.'® In this study, plasma 
levels of theophylline were not measured and fixed doses 
of drugs were used. It is possible that a dose-escalating 
approach based on plasma level of theophylline might 
have allowed us to achieve a greater antiischemic effect. 
However, recent experimental evidence suggests that 
long-term administration of theophylline causes up-reg- 





treatment with placebo, 


electrocardiographic monitoring during theophyl- 
line, atenolol and their combination. Each value represents the average heart rate relative to 1 hour. Heart rate during theophyl- 
line was higher than during placebo through the 24 hours. Heart rate during atenolol therapy was lower than during placebo 
During combination 


therapy. 
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treatment the heart rate was similar to that during atenolol administration. 


Rett 


No. of Silent 
Ischemic Ischemic 
Episodes (%) 


Treatment Episodes 


Placebo 
Theophylline 
Atenolol 
Combination 


Total No. of No. of 
Ischemic Ventricular Supraventricular 
Time (min) Extrasystoles Extrasystoles 


97 +110 
70+ 103* 
18+ 29* 
56.6 £8.5*1 





* p <0.05 vs placebo; t p <0.05 vs theophylline. 
Values are mean +1 standard deviation. 


ulation of adenosine receptors which might progressive- 
ly limit the efficacy of the drug despite optimal dos- 
ages.!/ 

In our study, atenolol administration improved the 
exercise duration and decreased the total ischemic time 
during ambulatory electrocardiographic monitoring to 
a greater extent than theophylline. During atenolol 
treatment the heart rate—blood pressure product (an in- 
dex of myocardial oxygen consumption) at the onset of 
exercise-induced myocardial ischemia was lower than 
during placebo. This index, however, does not take into 
account the ventricular volumes. Because it is well es- 
tablished that §-adrenergic blocking agents increase 
end-diastolic volume, which in turn increases myocardi- 
al oxygen consumption,'!:! it is likely that the latter, 
during treatment with atenolol, is underestimated when 
considering only heart rate-blood pressure product. 

The time to 1 mm of ST-segment depression and the 
exercise duration were slightly longer during combina- 
tion treatment than during atenolol administration; 
however, this difference was not statistically significant. 
Similarly, during ambulatory electrocardiographic mon- 
itoring the total ischemic time with combination treat- 
ment was lower than with atenolol alone, but this differ- 
ence, again, was not statistically significant. Such a lack 
of detectable additive effects appears rather difficult to 
explain if it is assumed that theophylline and atenolol 
have different mechanisms of action, particularly be- 
cause each of the 2 drugs appears potentially able to 
counterbalance some of the undesirable adverse effects 
of the other. In our study, atenolol abolished the positive 
chronotropic action of theophylline. Theophylline, on 
the other hand, by increasing venous distensibility,!° 
may limit the increase of the cardiac volumes caused by 
atenolol.!!+!2 

The reasons for the lack of detectable additive antiis- 
chemic effects cannot be discerned from the results of 
our study. The fact that the beneficial effects obtained 
with combination treatment tend to be better than those 
produced by atenolol alone, suggest that a small addi- 
tive effect may be present, although it does not reach 
Statistical significance because of the small number of 
patients. Alternatively, one could hypothesize that the- 
ophylline and atenolol share a common mechanism of 
action. We have previously demonstrated that the im- 
provement of exercise capacity obtained with theophyl- 
line is not mediated by dilation of epicardial coronary 
arteries and hypothesized that an important mechanism 
of action of theophylline could be redistribution of myo- 


cardial blood flow from the subepicardium to the suben- 
docardium (the “Robin Hood” effect).>418 This work- 
ing hypothesis is based on the experimental observation 
that theophylline limits the metabolic vasodilation of 
small coronary arteries to a greater extent in the ab- 
sence than in the presence of myocardial ischemia.!?-2? 
Because of this differential effect, this drug could limit 
coronary vasodilation during exercise more in the sub- 
epicardium, which is not ischemic because of its greater 
coronary flow reserve,***4 than in the more vulnerable 
subendocardium. This, in turn, would increase postste- 
notic pressure, thus delaying the development of suben- 
docardial ischemia.*> In the present study the higher 
heart rate-blood pressure product at the onset of isch- 
emia observed after theophylline appears to confirm 
that this drug improved myocardial perfusion during ex- 
ercise. 

With regard to atenolol, its mechanism of action is 
usually thought to be a reduction of myocardial oxygen 
consumption.’ This drug, however, may also be able to 
improve the transmural distribution of coronary blood 
flow. Gross and Winbury*® observed that 6-adrenergic 
blocking agents improve the transmural distribution of 
coronary blood flow at rest, as a consequence of the 
increased diastolic time. They also observed that this 
effect was absent during maximal coronary vasodilation 
and concluded that “the transmural redistribution is a 
result of the decrease in heart rate accompanied by a 
differential effect of 8 blockade on the resistance vessels 
of the superficial and deep regions”. This conclusion is 
supported by the observation that -adrenergic blocking 
agents can indeed cause constriction of small coronary 
arteries, because of the predominance of unopposed a- 
adrenergic receptor stimulation.2’?8 Because there is 
convincing experimental evidence that the stimulation 
of coronary a-adrenergic receptors during exercise is 
important in maintaining the transmural distribution of 
coronary blood flow,”?° it could well be the case, there- 
fore, that 6-adrenergic blocking agents might improve 
subendocardial perfusion by a selective enhancement of 
subepicardial coronary constriction, thus sharing with 
theophylline the “Robin Hood effect.” The more power- 
ful antiischemic action of atenolol could be accounted 
for by the fact that atenolol, but not theophylline, re- 
duces myocardial oxygen consumption. 

Study limitations: A limitation of this study is the 
use of a single-blind design. However, the selection of 
objective end points (as time to and heart rate—-pressure 
product at 1 mm of ST-segment depression during exer- 
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cise testing, and number and duration of ischemic epi- 
sodes during ambulatory electrocardiographic monitor- 
ing), the computerized assessment of the electrocardio- 
grams and the analysis of results blind to the treatment 


should substantially overcome the drawbacks of the sin- 


gle-blind design. Another possible criticism to our study 
is that the exercise tests performed with placebo were 
not randomized. However, because they were per- 
formed during both the run-in and run-off periods and 
produced similar results, it is very unlikely that the 
training effect?! could have influenced the results of the 
exercise tests performed during the nonrandomized part 
of our study. 
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Brief Summary 
nicardipine HCI 
Capsules For oral use 


MECHANISM OF ACTION: CARDENE is a calcium 
entry blocker which inhibits the transmembrane influx of 
CaldumM ions imto cardiac muscle and smooth muscle without 
changing serum calcium concentrations. The contractile 
processes of cardiac muscle and vascular smooth muscle are 
dependent upon the movement of extracellular calcium ions 
into these cells through specific ion channels. The effects of 
CARDENE are more selective to vascular smooth muscle than 
cardiac muscle. In animal models, CARDENE produces 
relaxation of coronary vascular smooth muscle at drug levels 
which cause little or no negative inotropic effect 


CONTRAINDICATIONS: Patients with hypersensitiv- 
ity to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contraindi- 
cated in patients with advanced aortic stenosis 


WARNINGS: Increased Angina: About 7% of patients 
in short termplacebo-controlied angina trials have developed 
increased frequency, duration or severity of angina on 
Starting CARDENE or at the time of dosage increases, 
compared with 4% of patients on placebo. Comparisons with 
beta-blockers also show a greater frequency of increased 
angina, 4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: 
Although preliminary hemodynamic studies in patients with 
congestive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect n vitro and in some patients 
Caution should be exercised when using the drug in conges- 
tive heart failure patients, particularly in Combination with a 
beta-blocke! 


Beta-Biocker Withdrawal: CARDENE is not a beta- 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal, any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefera- 
bly over 8-10 days 


PRECAUTIONS: General: Blood Pressure: Careful 
monitoring of blood pressure during the initial administration 
and titration of CARDENE is suggested. CARDENE may 
occasionally produce symptomatic hypotension. Caution 1s 
advised to avoid systemic hypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at the 
time of peak blood levels, initial titration should be performed 
with measurements of blood pressure at trough (just before 
the next dose) and at peak effect {1-2 hours after dosing) 


Use in patients with impaired hepatic function: The 
drug should be used with caution in patients having impaired 
liver function or reduced hepatic blood flow. Patients with 

severe liver disease developed elevated blood levels (4-fold 
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increase in AUC) and prolonged half-life (19 hours) of 
CARDENE 


Use in patients with impaired renal function: Mean 
plasma concentrations, AUC. and Cmax were approximately 
2-fold higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted 


Drug Interactions: Cimendine. Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored 


Digoxin: Some calcium blockers may increase the concentra- 
tion of digitalis preparationsin the blood. CARDENE usually 
does not alter the plasma lewels of digoxin, however, serum 
digoxin levels should be evaiuated after concomitant therapy 
with CARDENE is initiated 


Maalox: Co-administration ef Maalox TC had no effect on 
CARDENE absorption 


Fentanyl Anesthesia: Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a 
beta-blocker and a calcium channel blocker. Even though 
such interactions were not seen during clinical studies with 
CARDENE, an increased votume of circulating fluids might be 
required if such an interaction were to occur 


Cyclosporine. Concomitantadministration of CARDENE and 
cyclosporine results in elevated plasma cyclosporine levels 
Plasma concentrations of cyclosporine should therefore be 
closely monitored, and its dosage reduced accordingly, in 
patients treated with CARDENE 


When therapeutic concentrations of furosemide, propranalol 
dipyridamole, warfarin, quinidine, or naproxen were added to 
human plasma [in vitro), the plasma protein binding of 
CARDENE was not altered 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Rats treated for 2 years had a dose-dependent 
Increase in thyroid hyperplasia and neoplasia. Mice treated 
for 18 months had no neoplasia or thyroid changes and dogs 
treated for | year had no thyroid pathology. There is no 
evidence of effects on thyroid function (plasma T4, TSW) in 
man. There was no evidenee of mutagenic potential in a 
battery of tests, and no impairment of fertility in male or 
female rats 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus 


Nursing Mothers: It is recommended that women who 
wish to breast-feed should not take this drug 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been estabtished 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (=65 years) and 
healthy controls after one week of CARDENE 20 mg TID 
Plasma CARDENE concentrations in elderly hypertensive 
patients were similar to plasma concentrations in healthy 
young adult subjects when CARDENE was administered at 
doses of 10, 20 and 30 mg TID, suggesting that the pharma 
cokinetics of CARDENE are similar in young and elderly 
hypertensive patients. No significant differences in responses 
to CARDENE have been observed in elderly patients anc the 





general adult population of patients who participated in 
clinical studies 


ADVERSE REACTIONS: In short-term (up to three 
months) studies 1,910 patients received CARDENE alone or in 
combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to be 
associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect 


Angina: The most common adverse events include pedal 
edema and dizziness in about 7% of patients; headache, 
asthenia, flushing and increased angina in about 6%; 
Dalpitations in about 3%; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 1% of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervousness 
and tremor occurred in less than | % of patients 


In addition, adverse events were observed which are not 
readily distinguishable from the natural history of the 
atherosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in < 0.4% of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some cf these events were drug-related 


Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal edema 
in about 8%; asthenia, palpitations and dizziness in about 4%; 
tachycardia in about 3%; nausea in about 2%; and somno- 
lence in 1%. Dyspepsia, insomnia, malaise, other edema, 
abnormal dreams, dry mouth, nocturia, rash and vomiting 
occurred in less than 1% of patients 


Additionally, the following rare events have been reported 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest Dain, peripheral vascular disorder, 
ventricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, not flashes, vertigo. 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency 


More detailed professional information available on request 
U.S. Patent No. 3,985,758 
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Transient Left Ventricular Cavitary Dilation 








During Dipyridamole-Thallium Imaging as an 
Indicator of Severe Coronary Artery Disease 


Jean Lette, MD, Jacques Lapointe, MD, David Waters, MD, Michel Cerino, MD, 
Michel Picard, MD, and André Gagnon, MD 


Transient left ventricular (LV) cavitary dilation dur- 
ing dipyridamole-thallium imaging was reported in 
45 of 510 (9%) consecutive patients referred for 
dipyridamole-thallium imaging. Clinical and hemo- 
dynamic effects observed during dipyridamole infu- 
sion were not predictive of transient cavitary dila- 
tion on the thallium images. Coronary angiography 
was performed in 32 of the 45 patients: 75% had 
either left main, 3-vessel or “‘high-risk’’ 2-vessel 
coronary artery disease. Although 25 of 45 pa- 
tients (56%) with transient cavitary dilation were 
either asymptomatic or had only grade 1/4 effort 
angina, 16 of 25 patients (64%) not referred for 
coronary revascularization sustained a cardiac 
event during a mean follow-up of 12 months. Most 
events were cardiac deaths (75%) and 87% of 
events occurred within 4 months of the test. Non- 
cardiac surgery was performed in 187 of the 510 
patients. The postoperative cardiac event rate was 
2% in the 101 patients with normal scans or fixed 
defects, 19% in 75 patients with reversible perfu- 
sion defects and 58% in 12 patients with reversible 
cavitary dilation (p <0.0001). Thus, transient LV 
dilation during dipyridamole-thallium imaging is a 
marker of severe underlying coronary artery dis- 
ease, denotes a poor prognosis and predicts a high 
risk of postoperative cardiac complications in pa- 
tients who undergo noncardiac surgery. 

(Am J Cardiol 1990;66:1163-1170) 
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yocardial perfusion imaging after pharmaco- 
Mis coronary vasodilation with intravenous 

dipyridamole is a reliable alternative to the 
standard treadmill test in patients unable to exercise to 
an adequate heart rate.! Dipyridamole-thallium imag- 
ing is routinely used in suspected and known patients 
with coronary artery disease to detect underlying steno- 
ses,? for cardiac risk assessment before noncardiac sur- 
gery, and for risk stratification after myocardial infarc- 
tion.* In a series of 510 consecutive patients who un- 
derwent dipyridamole-thallium imaging, 45 developed 
dipyridamole-induced transient left ventricular (LV) di- 
lation. This study defines the clinical and angiographic 
correlates of this phenomenon, the hemodynamic re- 
sponse to dipyridamole infusion in these patients, and 
their cardiac event rate during follow-up. 


METHODS 

Study population: The initial study group consisted 
of 510 consecutive patients referred for dipyridamole- 
thallium imaging. Their average age (mean + standard 
deviation) was 61 + 10 years (range 30 to 85); 281 
were men and 229 women. Transient LV cavitary dila- 
tion was reported in 45 patients, but the decision to in- 
vestigate the patient further was left to the referring 
physician. 

Dipyridamole infusion protocol: The dipyridamole 
infusion protocol was described in detail in a previous 
report.’ Dipyridamole was infused at a rate of 0.14 mg/ 
kg/min over 4 minutes up to a maximal dose of 50 mg. 
After the infusion, the patient stood and walked in place 
for 2 minutes. There were no major irreversible side ef- 
fects from dipyridamole in the 510 patients. 

Thallium-201 myocardial imaging: The first image 
was acquired in the best septal view, followed by the left 
anterior oblique 70° view, and the anterior view. De- 
layed images were obtained 4 hours after thallium injec- 
tion. Preset time 8-minute images were acquired in each 
of the 3 views. For each scintigraphic study, the follow- 
ing images were displayed: analog images, interpolative 
background subtracted images, circumferential profiles 
and washout rate analysis. All myocardial scintigraphic 
images were interpreted by 2 experienced observers 
without prior knowledge of patient history or coro- 
nary anatomy. Infrequent disagreements in interpreta- 
tion were resolved by consensus. 

A fixed defect was defined as an initial perfusion 
defect with no redistribution on delayed images, plus 
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electrocardiographic evidence of a necrosis in the corre- 
sponding segment or with a clinical history of myocardi- 
al infarction and documented elevation of cardiac en- 
zymes (when available) proportional to the size of the 
observed perfusion defect. Otherwise, we usually admin- 
istered 1 mCi of thallium-201 at rest before redistribu- 
tion images, or acquired 24-hour delayed thallium im- 
ages, or performed a radionuclide gatec equilibrium 
ventriculogram (MUGA scan), preferably during con- 
tinuous intravenous nitroglycerin infusion to confirm 
the presence of scar tissue. 

Scans were divided into 3 segments for each view. 
For semiquantification, the myocardium was divided 
into 6 regions taking into account anatomic overlap of 
the segments (Figure 1). All regional perfusion defects 
were graded according to a 3-point scale (reversibility 
index): grade 0/3 being normal and grade 3/3 the most 
severe. Visualization of interpolated background-sub- 
tracted images minimized interobserver variation in the 
grading system. The indexes used to sem.quantify the 
extent and severity of reversible defects are described in 
Appendix 1. This is an adaptation of the scintigraphic 
technique used by Ladenheim et al? to assess the extent 
and severity of exercise-induced myocardial ischemia. 

Left ventricular cavitary dilation: The LV cavity 
was measured in the best septal view on the immediate 
postdipyridamole and redistribution analog images. A 
patient was considered to show transient cavitary dila- 
tion when the largest short-axis LV diameter in the best 
septal view on the early images was >15% larger than 
on the delayed images. The number of views showing 
cavitary dilation, and the presence of transient dilation 
of the LV outer borders (external LV dilation) were 
also noted. 


ANATOMICAL REGIONS 
ON MYOCARDIAL SCANS 
(TOTAL OF 6 REGIONS) 


ANT 
AP 
IA INF 


BEST SEPTAL 


LAO 70° 
(with breast support) 


ANTERIOR 





FIGURE 1. The left ventricle was divided into 3 segments in 

each view, for a total of 9 segments. However, the final com- 
pilation of scintigraphic indexes was based on only 6 regions, 
taking into account geometric overlap of the segments. When 


as 
gion. ANT = anterior; AP = apical; IA = inferoapical; INF = 
inferior; LAO = left anterior oblique; PL = posterolateral; SE 
= septal. 
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Coronary angiography: Selective coronary angiog: 
raphy was interpreted by 2 independent observers (2 
cardiologist and a radiologist). Significant coronary ste- 
noses were those 250% luminal diameter narrowing ir 
a major vessel or a primary branch. 

Outcome after noncardiac surgery: Of the 510 pa- 
tients, 187 underwent noncardiac surgery, with antian- 
ginal medication when there was thallium redistribu- 
tion. All patients who underwent noncardiac surgery 
were followed postoperatively for evidence of a cardiac 
event up to discharge from hospital. Only cardiac death 
(sudden, or due to an acute infarction) and acute myo- 
cardial infarction before discharge from the hospital 
were accepted as end points. Acute myocardial infarc- 
tion was diagnosed when =2 of the following 3 criteria 
were met: (1) recent episode of characteristic chest pain 
that lasted >30 minutes; (2) transient increase above 
the upper limit of normal of total serum creatine kinase 
and its myocardial isoenzyme subfraction (MB-CK), 
related temporally to the episode of chest pain; and (3) 
Minnesota code criteria®’ for definite or probable myo- 
cardial infarction accompanied by evolving ST- and T- 
wave changes. 

Patient prognosis: All patients were contacted by 
phone by a physician, unless it was clearly recorded in 
the hospital chart that the patient had been referred for 
coronary revascularization or had sustained a cardiac 
event. 

Statistical analysis: Correlation between clinical pa- 
rameters, dipyridamole-induced chest pain, minor side 
effects, and variations in heart rate and blood pressure 
were done using chi-square and analysis of variance, 
as were correlations between clinical parameters, the 
Dripps-American Surgical Association score, the Gold- 
man Cardiac Risk Index score, scintigraphic indexes 
and postoperative cardiac events. All values are mean + 
standard deviation. 


RESULTS 

Patient population: The clinical features of patients 
with transient cavitary dilation are summarized in Ta- 
ble I. No patient had grade 3 or 4 angina pectoris. 

Clinical and hemodynamic effects of dipyridamole 
infusion: The clinical and hemodynamic effects of dipy- 
ridamole infusion in the group of 510 patients separated 
in subgroups with normal scans or fixed defects (n = 
223), reversible perfusion defects excluding patients 
with transient LV cavitary dilation (n = 242), and pa- 
tients with transient cavitary dilation (n = 45) are sum- 
marized in Table II. The appearance of typical chest 
pain correlated with the presence of both reversible per- 
fusion defects and transient LV dilation. There was no 
statistical correlation between the appearance of atypi- 
cal chest pain, dyspnea, ST-segment depression in lead 
II, variation in heart rate or systolic blood pressure or 
minor adverse effects, and the presence of either revers- 
ible defects or transient LV cavitary dilation. 

Myocardial perfusion images: Scintigraphic data, 
including the location and severity of reversible defects, 
semiquantitative indexes of severity and extent, and cor- 
onary pattern, are detailed in Table III and Figure 2. 


Number of men 

Age (mean + SD) 

History of coronary artery disease 
Average number of risk factors 


Smoking 
Hypertension 
Hypercholesterolemia 
Diabetes 
Family history 
Chest pain syndrome 
Asymptomatic 
Angina grade 1/4 
Angina grade 2/4 
Atypical chest pain 
Previous myocardial infarction 
Clinical signs of heart failure 
Previous episodes of pulmonary edema 
Electrocardiography 
Q waves 
Left ventricular hypertrophy 
ST-T abnormalities 
Left bundle branch block 
Radionuclide ventriculography (in 36 patients) 
First-pass gated RVEF: 36/36 (100%) normal 
Equilibrium gated LVEF: 
Normal 
40-50% 
30—40% 
<30% 
Angina pectoris graded according to Canadian classification. 


LVEF = left ventricular ejection fraction; RVEF = right ventricular ejection fraction; 
SD = standard deviation. 





Transient LV dilation was misdiagnosed on 1 scan ow- 
ing to a technical artifact (uniformity correction artifact 
due to a faulty scintillation camera): a repeat dipyrida- 
mole-thallium test, the coronary angiogram, the con- 
trast ventriculogram and the 1-year follow-up were all 
normal, and this patient was excluded from the quanti- 
tative scintigraphic and prognostic studies. The cavitary 
dilation was observed only in the best septal view in 18% 
of patients, in the first 2 views in 2%, and in all 3 views 
in 80%. In addition, transient external dilation of the 
left ventricle was observed in 24 (56%) of the patients 
with transient cavitary dilation. Transient cavitary dila- 
tion was visible in all 3 views in 95% of patients with 
concomitant external dilation, and in 67% of patients 
without external cavitary dilation. 

Coronary angiography: Thirty-two patients with 
transient cavitary dilation underwent coronary angiog- 
raphy. One had a normal study (the patient with the 
technical artifact), one had an idiopathic dilated cardio- 
myopathy (normal coronary arteries with global LV 
dysfunction and an ejection fraction of 35%, down to 
24% 1 month later), 9 had left main coronary artery 
disease, 8 had 3-, 9 had 2- and 4 had 1-vessel disease 
(left anterior descending coronary artery in 2, right cor- 
onary artery in 1, circumflex coronary artery in 1). Of 
the 9 patients with 2-vessel disease, 7 had 270% steno- 
sis of the left anterior descending coronary artery. 
Twenty-eight patients underwent LV pressure record- 
ings and 22 had contrast ventriculography. The average 


TABLE II Clinical and Hemodynamic Effects of Dipyridamole 
Infusion in 510 Patients 


Normal Scan 
or Fixed Defect 
(n = 223) (n = 45) 


Typical CP 10 (4.5) 40 (17) 10 (22) 
Atypical CP 25 (11) 22 (9) 3(7) 
Dyspnea 6 (3) 20 (8) 4(9) 
ST depression 7 (3) 17 (7) 5(11) 
AVE SYS BP DECR 13412 13416 14417 
AVE DIPY DOSE 379 39.7 39.6 
Minor symptoms 40 (18) 56 (23) 5(11) 

* Includes all patients with reversible perfusion defect(s) except for those with 
transient dipyridamole-induced cavitary left ventricular dilation. 

AVE DIPY DOSE = average dipyridamole dose (mg) based on the administration of 
0.5 mg/kg dipyridamole over 4 minutes up to a maximum of 50 mg; minor symp- 
toms include headache, dizziness, flushing, nausea and vomiting; AVE SYS BP DECR 
= average dipyridamole-induced decrease in systolic blood pressure (mm Hg); CP = 


chest pain; LV = left ventricular; ST depression = dipyridamole-induced ST-segment 
depression in lead II. 


Transient 
LV Dilation 


Reversible 
Defect(s)* 
(n= 242) 





TABLE Ill Scintigraphic Data in 45 Patients with Transient 
Cavitary Dilation 


No. of Pts. Reversibility 


Segment (n= 45 [%]) Index 


Location and Severity of Reversible Defects 


Anterior 

Apical 

Septal 32 (71) 
Inferior 26 (58) 
Inferoapical 23 (51) 
Posterolateral 17 (38) 


Reversible extent 

Significant reversible 
extent 

Maximal reversibility 


Summed reversibility 7.7438 


a See Appendix for description of indexes. All values are mean + standard devi- 





LV end-diastolic pressure at rest was 23 + 9 mm Hg, 
with an average increase of 4 mm Hg after contrast 
ventriculography. Angiographic data are summarized in 
Figure 3. 

Outcome: One patient died of carcinomatosis 3 
months after the test and was excluded from further 
prognostic analysis. Nine patients with an average fol- 
low-up of 12 months were stable and event free. There 
were 16 cardiac events (11 cardiac deaths and 5 nonfa- 
tal myocardial infarctions). One patient was lost to fol- 
low-up. Seventeen patients were referred for coronary 
revascularization (3 for coronary angioplasty and 14 for 
coronary artery bypass grafting). Twelve of the 16 pa- 
tients who sustained cardiac events also underwent equi- 
librium radionuclide ventriculography at the time of di- 
pyridamole imaging. The global LV ejection fraction 
was normal in 4, decreased to 40 to 50% in 3, 30 to 40% 
in 3 and below 30% in 1 patient. The outcome of all 45 
patients is illustrated in Figure 4. 
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Outcome after noncardiac surgery: One hundred 
eighty-seven of the entire series of 510 patients under- 
went noncardiac surgery (vascular surgery in 125 and 
general surgery in 62). There were 22 postoperative car- 
diac events. Because most patients with transient LV 
cavitary dilation also had reversible perfusion defects, 
frequently involving the anterior segment (71%) (Table 
III and Figure 2), the incidence of postoperative events 
was compiled in 4 scintigraphic subgroups: normal scan 
or fixed defect(s) (n = 101), reversible perfusion de- 
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fect(s) but no transient LV dilation (n = 75), a revers 
ible defect of the anterior segment (with or without oth 
er reversible defects, but without transient LV cavitar 
dilation) (n = 19), and transient LV cavitary dilation (1 
= 12). The latter 3 scintigraphic signs were all inde 
pendent predictors of postoperative cardiac events (] 
<0.0001). None of the clinical parameters of the 18’ 
patients, including age, gender, history of coronary dis 
ease, presence and number of risk factors (hypertension 
smoking, hypercholesterolemia, family history or diabe 
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FIGURE 2. Frequency distribution of the value of 3 scintigraphic indexes in the population of 45 patients with reversible left 
ventricular cavitary dilation. The scintigraphic coronary pattern is depicted on the bottom right graph. Cx = circumflex coronary 
artery; LAD = left anterior descending artery; RCA = right coronary artery. 


LEFT MAIN STENOSIS: 28% 


CARDIOMYOPATHY: 3% 


SINGLE VESSEL 
DISEASE: 12% 


NORMAL: 3% 


TWO VESSEL 
DISEASE: 28% "I 
-) WITH ) 70% LAD: 22% 
-) WITH (N) LAD: 6% 


THREE VESSEL 
DISEASE: 25% 


FIGURE 3. Sumary of the coronary anato: 
my of 32 patients with transient left ven- 
tricular cavitary dilation who underwent 
coronary angiography. LAD = left anterio) 
descending artery. 
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tes), history of a previous myocardial infarction, resting 
electrocardiographic abnormalities, type of surgery, in- 
tra- versus extraabdominal surgery, the Dripps-Ameri- 
can Surgical Association class, the Goldman multifac- 
torial risk index score’ or the Detsky multifactorial risk 
index score! correlated with postoperative outcome. 
Results of postoperative outcome in different scinti- 
graphic subgroups are summarized in Figure 5. 





Natural history of patients with transient left ven- 
tricular cavitary dilation: Excluding 7 patients with 
postoperative cardiac events and 17 patients referred for 
coronary revascularization, the natural history of pa- 
tients with transient LV cavitary dilation was studied in 
18 patients (Figure 6). Nine patients were event free an 
average of 12.2 months after dipyridamole-thallium 
testing. All 9 cardiac events were deaths (6 fatal myo- 


CORONARY REVASCULARIZATION: 38% 
N = I7 


Ne! 


CARCINOMATOSIS 2% 


FIGURE 4. Outcome of 45 patients with 
transient left ventricular cavitary dilation. 
Mi = myocardial infarction. 
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FIGURE 5. Postoperative cardiac event i 
rate in 187 patients who underwent non- 


that patients with transient left ventricular 
(LV) cavitary dilation were excluded from 
the groups with reversible defects and an- 
terior wall defects and classified separate- 
ly. Patients with anterior wall defects 
could also have reversible defects in other 
segments. The subgroup with reversible 
defects also includes patients with anterior 
wall defects; thus, the total number of pa- 


tients in all subgroups is higher than 187. 0% 


FIGURE 6. Natural history of 18 patients 
with transient left ventricular cavitary dila- 
tion who were not referred for coronary 
revascularization and did not sustain a 
postoperative cardiac event. Percent pa- 
tient survival is depicted on the Y axis. 
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cardial infarctions and 3 sudden deaths) and occurred 
an average of 4.4 months after the test, with 87% of 
deaths occurring within the first 4 months. 

Scintigraphic pattern: There was no correlation be- 
tween the scintigraphic pattern (number of views that 
showed cavitary dilation, presence of concomitant exter- 
nal LV dilation) and either the coronary anatomy, post- 
Operative outcome or natural history. 


DISCUSSION 

Dipyridamole-induced coronary vasodilation has 
been shown to be as reliable as exercise testing for the 
detection of coronary stenoses.! However, there is an 
ongoing search for new clinical and scintigraphic crite- 
ria of diagnostic or prognostic value to refine the inter- 
pretation of the test beyond the 3 categories of normal 
scan, fixed defect(s) and reversible defect(s). 





FIGURE 7. Scintigraphic pattern of left ventricular (LV) cavitary dilation on the immediate postdipyridamole (DIPY) (left) and re- 


Clinical signs: In contrast to exercise testing, where 
exertional hypotension is a useful sign, variations in 
heart rate and blood pressure during dipyridamole-thal- 
lium imaging are of little diagnostic use and did not 
correlate with the presence of reversible defects in the 
group of 510 patients. In a previous study, we did not 
find any correlation between the appearance of chest 
pain after dipyridamole infusion and the presence of 
coronary artery disease. When 12-lead tracings are ob- 
tained, transient ST-segment depression is seen in 15 to 
25% of patients,'' but is of little prognostic value.!? 
Auscultation should be routinely performed during the 
test, searching for evidence of ischemic pulmonary con- 










Me 


distribution (REDIST) (right) images in the best septal left anterior oblique (LAO) 40 to 45°, LAO 70° and anterior (ANT) views. 
A, a 60-year-old man who underwent dipyridamole-thallium imaging for cardiac risk assessment before elective resection of an 
aneurysm of the abdominal aorta had grade 2/4 effort angina and no previous history of myocardial infarction. There is revers- 
ible dilation of the LV cavity seen in the best septal view (arrow), but no reversible segmental defects and no external LV dila- 
tion. Note that the whole left ventricle appears glebular in shape on the immediate postdipyridamole best septal image, and more 
ballistic in shape on the redistribution image. The coronary angiogram showed a 70% stenosis of the left main coronary artery, 


a 95% stenosis of the right coronary artery, an 80% stenosis of the left anterior 


coronary artery and a 60% steno- 


sis of the circumflex coronary artery. LV end-diastolic pressure was increased to 35 mm Hg and the contrast ventriculogram 
was normal. The patient underwent triple coronary artery bypass grafting followed by uneventful resection of the abdominal 
aortic aneurysm 2 months later. B, a 55-year-old woman with a history of claudication was admitted for elective aortic replace- 
ment. She denied having any angina or previous myocardial infarction. The thallium images show both cavitary (arrow) and ex- 
ternal (arrowheads) LV dilation visible in all 3 views and reversible perfusion defects of the anterior, apical and septal segments. 
Note the globular shape of the left ventricle on the immediate postdipyridamole best septal image and the ballistic shape on the 
redistribution image. The coronary angiogram showed a 60% stenosis of the right coronary artery, a 100% obstruction of the 
left anterior descending coronary artery, and a 75% stenosis of the circumflex coronary artery, with an end-diastolic pressure 
increased to 35 mm Hg. The contrast ventriculogram was not recorded, but an equilibrium radionuclide ventriculogram was nor- 
mal with LV ejection fraction of 56%. The patient was referred for coronary artery bypass grafting. 
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gestion!? or reversible mitral regurgitation due to isch- 
emic papillary muscle dysfunction.!4 

Myocardial perfusion images: The value of tomog- 
raphy,!> and of quantification of segmental myocardi- 
allé and pulmonary!’ thallium uptake and washout is 
still controversial. We have previously shown that semi- 
quantitative evaluation of the severity and extent of re- 
versible perfusion defects correlates well with the occur- 
rence of postoperative cardiac complications after non- 
cardiac surgery.’ 

Transient left ventricular cavitary dilation: Tran- 
sient LV cavitary dilation is easily recognized with the 
naked eye on the analog thallium images in the best 
septal view, and cavitary measurements are only used to 
confirm the visual impression. This finding was ob- 
served in 9% of 510 consecutive patients referred for 
dipyridamole-thallium images in this study. None of the 
clinical or hemodynamic changes observed during the 
dipyridamole infusion were predictive of transient cavi- 
tary dilation on thallium images. The reversible cavitary 
dilation was usually, but not always, accompanied by 
multiple reversible perfusion defects. 

Most patients had severe coronary artery disease: 
75% had either left main or 3-vessel or “high-risk” 2- 
vessel coronary artery disease (including =70% luminal 
narrowing of the left anterior descending coronary ar- 
tery) and the average LV end-diastolic pressure was in- 
creased to 23 mm Hg. 

Prognostic implications: Patients with dipyrida- 
mole-induced transient LV cavitary dilation had a grim 
prognosis; 64% sustained a cardiac event (75% cardiac 
deaths and 25% nonfatal myocardial infarctions) and 
87% of these events occurred within 4 months of the 
test. But prognostic indicators are only useful if the poor 
prognosis was not already obvious clinically; i.e., it is 
important to establish that patients with reversible LV 
dilation were not the “sickest of the sick” clinically. 
This is demonstrated by the fact that most of the 45 
patients were either asymptomatic (49%) or had only 
mild effort angina clinically, 50% of patients had a nor- 
mal ejection fraction, 78% of patients had an ejection 
fraction >40%, and only 7% had clinical signs of heart 
failure. 

The postoperative cardiac event rate was a prohibi- 
tive 58% for patients in the group who underwent non- 
cardiac surgery. These high-risk patients could not have 
been identified clinically: There was no statistical cor- 
relation between individual clinical parameters, the 
Dripps-American Surgical Association class, the Gold- 
man score, the Detsky score, and postoperative out- 
come. This underscores the difficulty in clinically evalu- 
ating patients who spontaneously restrict their activity 
in response to peripheral vascular or other limitating 
diseases and are referred for dipyridamole-thallium im- 
aging instead of exercise testing.*:!® 

Mechanism: The mechanism of transient LV cavi- 
tary dilation is unknown and more experimental data 
are necessary to determine its nature. Transient LV 
cavitary dilation has also been described during exercise 
testing and shown to correlate with multivessel disease, 
but the mechanism has never been satisfactorily ex- 





plained.'!? The observation that the postoperative cardi- 
ac event rate was 3 times higher in patients with tran- 
sient cavitary dilation than in patients with reversible 
defects, and more than twice as high as in those with 
anterior reversible defects, suggests that transient LV 
cavitary dilation is not simply an illusion that results 
from viewing a reversible segmental perfusion defect 
head-on. Additional evidence against this possibility is 
the fact that transient LV cavitary dilation was ob- 
served in all 3 views in 80% of patients. 

The most likely explanation for the transient cavi- 
tary dilation is either diffuse subendocardial relative hy- 
poperfusion or ischemia, or transient ischemic LV dys- 
function. Examples that may represent these 2 patterns 
are illustrated in Figure 7, A and B. However, neither 
explanation is completely satisfactory and >1 mecha- 
nism may be involved. Dipyridamole-induced ischemic 
LV dysfunction has previously been demonstrated by 
radionuclide ventriculography,'*7° and is the most plau- 
sible explanation when concomitant external and cavi- 
tary LV dilation are observed. A globular-shaped left 
ventricle on the immediate postdipyridamole best septal 
view, with a ballistic shape on the redistribution image, 
may also signify transient LV dysfunction. In 24 of the 
25 patients with dilation of the external border, the LV 
cavitary dilation was visible in all 3 views. Because the 3 
views are acquired sequentially and 8 minutes are re- 
quired for each view, LV dysfunction must persist for 
225 minutes. 

In patients with reversible cavitary dilation during 
dipyridamole-thallium testing, repeat testing with 
technetium- 99m - methoxy - isobutyl - isonitrile (99m - 
Tc-MIBI), a new myocardial perfusion agent which can 
also be used for first-pass ventriculography,7! will prob- 
ably clarify the mechanism. The first-pass ventriculo- 
gram obtained immediately after dipyridamole infusion 
would demonstrate dipyridamole-induced LV dysfunc- 
tion. Because 99m-Tc-MIBI is injected right after the 
infusion, whereas images are acquired 2 hours later, 
any cavitary dilation present on 99m-Tc-MIBI images 
would likely represent diffuse subendocardial relative 
hypoperfusion or ischemia. 
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APPENDIX 


Definition of indexes for severity and extent: ExTENT. 
The myocardium is divided into 6 anatomic regions. The extent 
refers to the number of regions displaying a given characteristic 
(range from 1 to 6); (1) reversible extent: the number of ana- 
tomic regions that display thallium redistribution (range 0 to 6); 
(2) significant reversible extent index: the number of anatomic 
regions that display thallium redistribution (range 0 to 6), ig- 
noring mild grade 1/3 reversible defects in infarcted regions 
with a grade 2/3 residual defect on delayed views. 

REVERSIBILITY: the difference in severity scores in a given 
anatomic region between the immediate postdipyridamole and 
the delayed images (range 0 to 3; measured for each of the 6 
regions); (1) summed reversibility index: the sum of the revers- 
ibility scores measured for each of the 6 regions (range 0 to 18); 
(2) maximal reversibility index: the highest reversibility score 
among the 6 regions (range 0 to 3). 

CORONARY PATTERN: Coronary pattern as estimated from the 
scintigrams. 1 = left anterior descending coronary artery pat- 
tern; 2 = right coronary artery or circumflex coronary artery 
pattern; 3 = 1 and 2. 
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Arrhythmia management often poses a challenging dilemma 
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ethmozine 


moricizine HL! 


Class I, membrane-stabilizing agent for 
life-threatening ventricular arrhythmias— 
“best fits class IA of the Vaughan Williams 
classification...” 


Ventricular arrhythmia suppression 
comparable to quinidine’ 


Low incidence of proarrhythmia** 


Proven record in patients with left ventricular 
(LV) dysfunction’ 


Well tolerated...low rate of discontinuation’ 


Like other antiarrhythmic drugs, ETHMOZINE 
can provoke new rhythm disturbances, make 
existing arrhythmias worse, or worsen congestive 
heart failure. Its use should be reserved for 
patients with documented life-threatening 
ventricular arrhythmias in whom, in the opinion 
of the physician, the benefits outweigh the risks. 





Please see last page for full prescribing information. 
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the way to reliable, 
well-tolerated arrhythmia 
management 
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moricizine HLI 


Extensively studied in patients at 
increased risk of sudden cardiac death’ 


1,072 PATIENTS, STUDIED FOR UP TO 7 YEARS — 
HISTORY INCLUDED: 


One or more coexisting cardiac diseases in 93% 
67% had coronary artery disease 
53% had myocardial infarction (MI) 


43% had congestive heart failure (CHF) 


Ventricular arrhythmia suppression 
comparable to quinidine’ 


Produced a 90% reduction in nonsustained ventricular 
tachycardia (VT) and abolished VT in 57% of patients.’ 


Long-term effectiveness documented in VT 


patients’ 


Significantly suppressed life-threatening ventricular arrhythmias 
—99% suppression of VT*—during 1-year follow-up. 


Please see last page for full prescribing information. 
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th proven antiarrhythmic efficacy 


Proven by invasive testing of 117 refractory 
patients® 


JLTS OF PROGRAMMED ELECTRICAL STIMULATION” (N = 117) 


% of patients noninducible on ETHMOZINE 


Sustained VT (N = 75) a 25% 


Nonsustained VT (N= 42) Presses 36% 


* Adapted from Horowitz, AJC 1990° 
Daily dosage range—450 to 1,500 mg; recommended dosage range is 600-900 mg/day 


Effective even in presence of LV dysfunction’ 


ETHMOZINE “...appears to be equally effective...irrespective of 
LV function or history of CHF’ 


In some cases ETHMOZINE may worsen heart failure in patients 
with underlying heart disease. 


ethmozine... 

the way to reliable, 
well-tolerated arrhythmia 
, management 
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ethmozine 


moricizine HLI 


Low incidence of proarrhythmia—even 
in patients with lethal arrhythmia?’ 


INCIDENCE OF PROARRHYTHMIA 
Arrhythmia Severity No. of Patients 
Benign 99 
Potentially lethal* 576 
Lethal? 397 


*Nonsustained VT (NSVT) with significant structural heart disease 
+Sustained VT, ventricular flutter, and ventricular fibrillation; 
NSVT with hemodynamic symptoms 


Cumulative Total 1,072 


The only antiarrhythmic continuing to be 


studied in the Cardiac Arrhythmia 
Suppression Trial (CAST) 


At this time, applicability of the CAST results to other populations 
(patients without recent MI) and to antiarrhythmics other than IC 
is uncertain. Considering the lack of evidence of improved survival 
for any antiarrhythmic drug in patients without life-threatening 
arrhythmias, it is prudent at this time to reserve the use of 
ETHMOZINE, as well as other antiarrhythmic agents, for patients 
with life-threatening ventricular arrhythmias. 


Please see last page for full prescribing information. 
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No. of Patients 
with Proarrhythmia (%) 
1 (1.0%) 


21 (3.6%) 


18 (4.5%) 


40 (3.7%) 


h low incidence of proarrhythmia, CHF, and discontinuation 


98% of patients did not experience any 
drug-related CHF” 


CHF was related to discontinuation of therapy in only 1% of patients 
in U.S. studies even though 43% of patients had prior CHF’ 


No significant effect on LVEF...even in patients 
with compromised cardiac function*’ 


In a study of 156 patients with varying degrees of LV dysfunction, 
baseline left ventricular ejection fractions (LVEFs) were virtually 
unchanged after up to 30 days of therapy with ETHMOZINE.‘ 


Long-term tolerability documented in CAPS”... 
low rate of discontinuation in U.S. trials® 


Incidence of the most commonly reported side effects, neurologic and 
G.I., was comparable to placebo over one year in the Cardiac 
Arrhythmia Pilot Study (CAPS)."° 


The three most frequently occurring side effects reported in 
clinical studies were dizziness (15.1%), nausea (9.6%), and 
headache (8.0%). Overall, only 9% of patients in short-term U.S. 
studies discontinued therapy due to side effects. Only nausea 
(3.2%) and ECG changes (1.6%) led to discontinuation in greater 
than 1% of patients. 


ethmozine... 
the way to reliable, e a 
well-tolerated arrhythmia 


management 





FROM- DUD PONT 2P MARMAC EUTeE ALS 


NEW 


e 





thnmozine 


moricizine HC! 





Compatible with the drug regimens of most 
cardiac patients 


No clinically significant interactions with cardiovascular agents such 
as digoxin, warfarin, vasodilators, beta blockers, ACE inhibitors, or 
calcium channel blockers. 


While no significant change in efficacy has been observed, clearance of 
ETHMOZINE is decreased and plasma levels increased when used 
concomitantly with cimetidine. ETHMOZINE increases clearance and 
decreases half-life of theophylline preparations. Patients receiving 
ETHMOZINE should be monitored when either of these medications 
are concomitantly administered. 


Contraindicated in patients with pre-existing second- or third-degree 
AV block, in those with right bundle branch block when associated 
with left hemiblock (unless a pacemaker is present), or in presence of 
cardiogenic shock or known hypersensitivity. 


Convenient dosing schedule—available in 
200-mg, 250-mg, and 300-mg film-coated 
tablets 


Usual dosage is 600-900 mg/day (200-300 mg g8h)—can be adjusted in 
150-mg/day increments at 3-day intervals. 


200 mg 250 mg 300 mg 


© 1990 Du Pont Pharmaceuticals 


Please see following page for full prescribing information. 
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ETHMOZINE® 
(moricizine ae 
“TABLETS 


DESCRIPTION 
ETHMOZINE (moricizine ononido) is an orally active antiarrhythmic drug available for administration in tablets 
containing 200 mg, 250 mg and 300 mg of moricizine hydrochloride. The chemical name of moricizine hydrochloride is 1043- 


inn gaia phenothiazine-2-carbamic acid ethyl ester hydrochloride and the structural formula is represented 
as follows: 


S 
Bigeye NHCO;CH;CH, 
c IA 


O” `CH,CH;-N O HCI 


MW = 464 


oricizine “abso is a white to tan crystalline powder, freely soluble in water and has a pKa of 6.4 (weak base). 
ETHMOZINE tablets contain: lactose, microcrystalline cellulose, sodium starch glycolate, magnesium stearate and dyes 
STON 1, ret a 10 and FD&C Yellow 6 [200 mg tablet]; FD&C Yellow 6 and FD&C Red 40 [250 mg tablet}: FD&C 
ue 1 [300 mg | 


CLINICAL PHARMACOLOGY 

Mechanism of Action 

ETHMOZINE is a Class | antiarrhythmic agent with potent local anesthetic activity and myocardial membrane stabilizing effect. 
ETHMOZINE reduces the fast inward current carried by sodium ions. 


In isolated dog Purkinje fibers, ETHMOZINE shortens Phase ti and III repolarization, resulting in a decreased action potential 
duration and effective refractory period. A dose-related decrease in the maximum rate of Phase 0 depolarization (V max) Occurs 
without effect on maximum diastolic potential or action potential amplitude. The sinus node and atrial tissue of the dog are not 















Electrophysiolog 

Electrophysiology Bidas in patients with ventricular tachycardia have shown that ETHMOZINE, at daily doses of 750 mg and 
900 mg, prolongs atrioventricular conduction. Both AV nodal conduction time (AH interval) and His-Purkinje conduction time 
(HV interval) are prolonged by 10-13% and 21-26%, respectively. The PR interval is prolonged by 16-20% and the QRS by 7- 
18%. Prolongations of 2-5% in the corrected QT interval result from widening of the QRS interval, but there is shortening of the 
JT interval, indicating an absence of significant effect on ventricular repolarization. intra-atrial conduction or atrial effective 
refractory periods are not consistently affected. In patients without sinus node dysfunction, ETHMOZINE has minimal effects 
on sinus cycle length and sinus node recovery time. These effects may be significant in patients with sinus node dysfunction 
(see PRECAUTIONS: Electrocardiographic Changes/Conduction Abnormalities). 


Hemodynamics 

In patients with impaired left ventricular function, ETHMOZINE has minimal effects on measurements of cardiac performance 
such as cardiac index, stroke volume index, pulmonary capillary wedge pressure, systemic or pulmonary vascular resistance 
or ejection fraction, either at rest or during exercise. ETHMOZINE is associated with a small, but consistent increase in resting 
blood pressure and heart rate. Exercise tolerance in patients with ventricular arrhythmias is unaffected. In patients with a 
history of congestive heart failure or angina pectoris, exercise duration and rate-pressure product at maximal exercise are 
unchanged during ETHMOZINE administration. Nonetheless, in some cases worsened heart failure in patients with severe 
underlying heart disease has been attributed to ETHMOZINE. 


Other far a Effects 3 
Although ETHMOZINE is dig related to the neuroleptic phenothiazines, it has no demonstrated central or peripheral 
dopaminergic activity in animals. Moreover, in patients on chronic ETHMOZINE, serum prolactin levels did not increase. 


Pharmacokinetics/Pharmacodynamics 

The antiarrhythmic and electrophysiologic effects of ETHMOZINE are not related in time, course, or intensity to plasma 
moricizine concentrations or to the concentrations of any identified metabolite, all of which have short (2-3 hours) half-lives. 
Following single doses of ETHMOZINE, there is a prompt prolongation of the PR interval, which becomes normal within 2 
hours, consistent with the rapid fall of plasma moricizine. JT interval shortening, however, peaks at about 6 hours and persists 
for at least 10 hours. Although an effect on VPD rates is seen within 2 hours after dosing, the full effect is seen after 10-14 hours 
and persists in full, when therapy is terminated, for more than 10 hours, after which the effect decays slowly, and is still 
substantial at 24 hours. This suggests either an unidentified, active, long half-life metabolite or a structural or functional “deep 
compartment” with slow entry from, and release to, the plasma. The following description of parent compound pharmaco- 
kinetics is therefore of uncertain relevance to clinical actions. 


Following oral administration, ETHMOZINE undergoes significant first-past metabolism resulting in an absolute bioavailabili 

approximately 38%. Peak plasma concentrations of ETHMOZINE are usually reached within 0.5-2 hours. Administration 3 
minutes after a meal delays the rate of absorption, resulting in lower peak plasma concentrations, but the extent of absorption 
is not altered. ETHMOZINE plasma levels are proportional to dose over the recommended therapeutic dose range. 


The apparent volume of distribution after oral administration is very large (= 300 L) and is not significantly related to body 
es a HMOZINE is approximately 95% bound to human plasma proteins. This binding interaction is independent of 
ZINE plasma concentration. 


ETHMOZINE undergoes extensive biotransformation. Less than 1% of orally administered ETHMOZINE is excreted 

unchanged in the urine. There are at least 26 metabolites, but no single metabolite has been found to represent as much as 

1% of the administered dose, and as stated above, antiarrhythmic response has relatively slow onset and offset. Two 

metabolites are pharmacologically active in at least one animal model: moricizine sulfoxide and phenothiazine-2-carbamic 

acid ester sulfoxide. Each of these metabolites represents a small percentage of the administered dose (< 0.5%), is 

— n lower concentrations in the plasma than the parent drug, and has a plasma elimination half-life of approximately 
ree hours. 


ETHMOZINE has been shown to induce its own metabolism. Average ETHMOZINE plasma concentrations in patients 
decrease with multiple dosing. This decrease in plasma levels of parent drug does not appear to affect clinical outcome for 
patients receiving chronic ETHMOZINE therapy. 


The plasma half-life of ETHMOZINE is 1.5-3.5 hours (most values about 2 hours) following single or multiple oral doses in 
ts with ventricular ectopy. Approximately 56% of the administered dose is excreted in the feces and 39% is excreted in 
urine. Some ETHMOZINE is also recycled through enterohepatic circulation. 


CLINICAL ACTIONS 

ETHMOZINE at daily doses of 600-900 mg produces a dose-related reduction in the occurrence of frequent premature 
ventricular depolarizations (VPDs) and reduces the incidence of nonsustained and sustained ventricular tachycardia (VT). In 
controlled clinical trials, INE has been shown to have antiarrhythmic activity that is generally similar to that of 


amide, propranolol and quinidine at the doses studied. In programmed electrical stimulation studies (PES), 
ted the induction of sustained ventricular tachycardia in approximately 25% of patients. Activity of 
ETHMOZINE is maintained during long-term use. 
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Initiation of ETHMOZINE treatment, as with other antiarrhythmic agents used to treat life-threatening arrhythmias, should be 
carried out in the hospital. 


Antiarrhythmic drugs have not been proven to improve survival in patients with ventricular arrhythmias. 


CONTRAINDICATIONS ! 

ETHMOZINE is contraindicated in patients with preexisting second: or third-degree AV block and in patients with right bundle 
branch block when associated with left hemiblock (bifascicular block) unless a pacemaker is present. ETHMOZINE is also 
contraindicated in the presence of cardiogenic shock or known hypersensitivity to the drug. 


WARNINGS 


Mortal 
ETHMOZINE was one of three antiarrhythmic wy included in the National Heart Lung and Blood institute's 
Cardiac Arrhythmia Suppression Trial (CAST), a long-term multicenter, randomized, double-blind study in 
patients with asymptomatic nonlife-threatening arrhythmias who had a myocardial infarction more than 6 
days, but less than 2 years, panen An excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with both of the Class IC agents included in the trial, which led to discontinuation of those 2 
arms of the trial. The ETHMOZINE and placebo arms of the trial are continuing. 


The applicability of the CAST results to other populations (0.9. those without recent myocardial infarction) and 
to agents other than IC (particularly to ETHMOZINE which, at this time remains in the trial) is uncertain. 
Considering the known proarrhythmic properties of ETHMOZINE and the lack of evidence of improved survival 
for any antiarrhythmic drug in patients without life-threatening arrhythmias, it is prudent to reserve the use of 
ile Meg as well as other antiarrhythmic agents, for patients with life-threatening ventricular 
a mias. 


Proarrhythmia 

Like other antiarrhythmic drugs, ETHMOZINE can provoke new rhythm disturbances or make existing arrhythmias worse. 

These proarrhythmic effects can range from an increase in the eo of VPDs to the development of new or more severe 
ventricular tachycardia, e.g. tachycardia that is more sustained or more resistant to conversion to sinus rhythm, with 
potentially fatal consequences. It is often not possible to distinguish a proarrhythmic effect from the patient's underlyi 

rhythm disorder, so that the occurrence rates given below must be considered approximations, Note also that drug-induc 
arrhythmias can generally be identified only when they occur early after starting the drug and when the rhythm can be 
identified, usually because the patient is being monitored. It is clear from the NIH-sponsored CAST (Cardiac Arrhythmia 
Suppression Trial) that some antiarrhythmic drugs can cause increased sudden death mortality, presumably due to new 3 
arrhythmias or asystole that do not appear early after treatment but that represent a sustained increased risk. “4 


Domestic premarketing trials included 1072 patients given ETHMOZINE; 397 had baseline lethal arrhythmias (sustained VT 
or VF and nonsustained VT with hemodynamic symptoms) and 576 had potentially lethal arrhythmias (increased VPDs or 
NSVT in patients with known structural heart disease, active ischemia, congestive heart failure or an LVEF < 40% and/or CI 
< 2.0 1/min/m2). In this population there were 40 (3.7%) identified pees events, 26 (2.5%) of which were serious, 
either fatal (6), new hemodynamically significant sustained VT or VF (4), new sustained VT that was not hemodynamically 
significant (11) or sustained VT that became syncopal/presyncopal when it had not been before (5). 


In general, serious proarrhythmic effects were equally common in patients withmore and less severe arrhythmias, 2.5% in the 
patients with baseline lethal arrhythmias vs. 2.8% in patients with gor: lethal arrhythmias, although the patients with 
serious effects were more likely to have a history of sustained VT (38% vs. 23%). 


Five of the six fatal proarrhythmic events were in patients with baseline lethal a mias; four had prior cardiac arrests, Rates 

and severity of proarrhythmic events were similar in patients given 600-900 mgof ETHMOZINE per day and those given higher 
doses. Patients with proarrhythmic events were more likely than the overall papulation to have coronary artery disease (85% 
vs. 67%), history of acute myocardial infarction (75% vs. 53%), congestive heart failure (60% vs. 43%), and cardiomegaly 
(55% vs. 33%). All of the six proarrhythmic deaths were in patients with coronary artery disease; 5/6 each had documented 
acute myocardial infarction, congestive heart failure, and cardiomegaly. 


Electrolyte Disturbances 
Hypokalemia, hyperkalemia or hypomagnesemia may alter the effects of Class | antiarrhythmic drugs. Electrolyte imbalances 
should be corrected before administration of ETHMOZINE. 


Sick Sinus Syndrome i 
ETHMOZINE should be used only with extreme caution in patients with sick sinus syndrome, as it may cause sinus 
bradycardia, sinus pause or sinus arrest. 


PRECAUTIONS 

General: 

Electrocardiographic Changes/Conduction Abnormalities 

ETHMOZINE slows AV nodal and intraventricular conduction, producing dose-related increases in the PR and QRS intervals, 
In clinical trials, the average increase in the PR interval was 12% and the QRS interval was 14%. Although the QTC interval is 
increased, this is wholly because of QRS prolongation; the JT interval is shortened, indicating the absence of significant 
slowing of ventricular repolarization. The degree of lengthening of PR and QRS intervals does not predict efficacy. 


In controlled clinical trials and in open studies, the overall incidence of delayed ventricular corduction, including new bundle 
branch block pattern, was approximately 9.4%. In patients without baseline conduction abnormalities, the frequency of 
second-degree AV block was 0.2% and ht ch AV block did not occur. In patients with baseline conduction 
abnormalities, the frequencies of second-degree AV block and third-degree AV block were 0.9% and 1.4%, respectively. 


ETHMOZINE therapy was discontinued in 1.6% of patients due to electrocardiographic changes (0.6% due to sinus pause or è 
ssion. h to AV block, 0.2% to junctional rhythm, 0.4% to intraventricular conduction delay, and 0.2% to wide QRS and/ 
or PR interval). = 


In patients with preexisting conduction abnormalities, ETHMOZINE therapy should be initiated cautiously. If second- or third- 
degree AV block occurs, ETHMOZINE therapy should be discontinued unless a ventricular pacemaker is in place. When 
changing the dose of ETHMOZINE or adding concomitant medications which may also affect cardiac conduction, patients 
should be monitored electrocardiographically. 


Hepatic Impairment 

Patients with significant liver dysfunction have reduced plasma clearance and an increased half-life of ETHMOZINE. Although = 
the precise relationship of ETHMOZINE levels to effect is not clear, patients with hepatic disease should be treated with lower = 
doses and closely monitored for excessive pharmacological effects, including effects on ECG intervals, before do yi, 
adjustment. Patients with severe liver disease should be administered ETHMOZINE with particular care, if at all. (See DO 

AND ADMINISTRATION) 


Renal Impairment 

Plasma levels of intact ETHMOZINE are unchanged in hemodialysis patients, but a significant portion (39%) of ETHMOZINE is 
metabolized and excreted in the urine. Although no identified active metabolite is known to increase in people with renal 
failure, metabolites of unrecognized importance could be affected. For this reason, ETHMOZINE should be administered 
cautiously in patients with impaired renal function. Patients with significant renal dysfunction should be started on lower doses 
sumone a 4% pharmacologic effects, including ECG intervals, before dosage adjustment, (See DOSAGE AND 


Congestive Heart Failure 
Most patients with congestive heart failure have tolerated the recommended ETHMOZINE daily doses without unusual toxicity 
or change in effect. Pharmacokinetic differences between ETHMOZINE patients with and without congestive heart failure were 
not apparent (see Hepatic Impairment above). In some cases, worsened heart failure has been attributed to ETHMOZINE. — 
Patients with preexisting heart failure should be monitored carefully when ETHMOZINE is initiated. 7 
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Effects on Pacemaker Threshold s$ 
The effect of ETHMOZINE on the sensing and pacing thresholds of artificialpacemakers has not been sufficiently studied. In i: 
such patients, pacing parameters must be monitored, if ETHMOZINE is used. a 
Drug Interactions ated 
No significant changes in serum digoxin levels or pharmacokinetics have been observed in patients or healthy subjects 
iving concomitant ETHMOZINE itant use was associated with additive prolongation of the PR interval, 
but not with a significant increase in the rate of second- or third-degree AV block. h 4 
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low doses, not more than 600 de 
or discontinued or when the ETHMOZINE dose is a 


$ aa Concomitantadinirisration of beta blocker therapy did not reveal ier changes in overall electrocardiographic intervals 
is in In ‘oad ~~ study, ETHMOZINE and propranolol administerec concomitantly produced a small additive 
Sosy | in the PR in 


Ferg hahha and apelin half-life were re significanty affected by multiple dose ETHMOZINE administration when 
y and sustained release theophylline were given to healthy subjects (clearance increased 44-66% and 
i pasma ee decreased 19-33%). Plasma theophylline levels should be monitored when concomitant ETHMOZINE is 
<a discontinued. 
p Recatse of watakao pharmacologic effects, caution is indicated when ETHMOZINE is used with any drug thataffects 
f 5 ne Uncontrolled experience in patients indicates no serious adverse interaction during the coacomi- 
pea i> tse use ten OZINE and eed vasodilators, antihypertensive drugs, calcium channel blockers, beta blockers, ACE 
E 3 neh on ah a warfarin levels, warfarin pharmacokinetics, and orothrombin times were unaffected during 
ree mutipie dose ETH OZINE administration to healthy subjects. 

~ Results from in vitro studies do not suggest alterations in ETHMOZINE plasma protein binding in the presence of otherhighly 
F plasma bound drugs. 
a CARCINO MUTAGENESIS, IMPAIRMENT OF FERTILITY 

rok ns aA in which ETHMOZINE was administered in the feed at concentrations calculated to providedoses 

A g/day, ovarian tubular adenomas and granulosa cell tumors were limited in occurrence to ETHMOZINE 


reve A on the findings were of borderline statistical significance, or not statistically significant, historical 
control data indicate that both of these tumors are uncommon in the strain of mouse studied. 


a Ina24. -month study in which ETHMOZINE was administered by gavage to rats at doses of 25, 50 and 100 mg/kg/day, Zymbal's 

hea: Carcinoma was observed in one mid-dose and two high-dose males. This tumor rs to be uncommon in the strain 

of hynny Rats of otto sexes Ea as pia it increase i he ont : eng Die described x bile 

- cystadenoma a) along wi metamorphosis, possibly due to disruption of hepatic choline 
A for phoepholl biosynthesis. The rat 4 known to be uniquely sensitive to alteration in choline metabolism. 


ETHMOZINE was not mutagenic when assayed for genotoxicity in in vitro bacterial (Ames test) and mammalian (Chinese 
hamster ine phosphoribosy! transferase and sister chromatid exchange) cell systems or in jn vivo 


= Petes sekal Laari bone cytogenicity and mouse micronucleus). 
h aa A ganai reproduction and fertility study was conducted in rats at dose levels u = 6,7 times the maximum recommended 
hum u of 900 mg/day (based upon 50 kg human body weight) and revealed no evidence of impaired male or female 


Pregnancy -Toratogenie tects 


one 
c nas be been performed with ETHMOZINE in rats and in rabbits at doses up to 6.7 and 4.7 times the maximum 
d human daily dose, respectively, and have revealed no evidence of harm to the fetus. There are, however, no 

adequate and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of 

human response, ETHMOZINE should be used during pregnancy only if clearly needed. 

Pregnancy—Nonteratogenic Effects: 

; In. study in which rats were dosed with ETHMOZINE prior to mating, during mating and throughout gestation and lactation, 

da K: še levels 3.4 and 6.7 times the maximum recommended human daily dose produced a dose-related decrease in pup anc 
materna aatan, possibly related to a larger litter size. In a study in which dosing was begun on Day 15 of gestation, 

_ ETHMOZINE, at a level 6.7 times the maximum recommended human daily dose, produced a retardation in maternal weight 

nn but ste ee pup growth. 









Fo ry beget Paeh] in the milk of laboratory animals and has been reported to de present in human milk. Because of the 
= ‘Serious adverse reactions in nursing infants from ETHMOZINE, a decision should be made whether to 
the drug, taking into account the impartance of the drug to the mother. 





Th The sally and etlectveness of ETHMOZINE in children less than 18 years of age have not been established. 





“yor rye lata reaction reported for ETHMOZINE is proarrhythmia (see WARNINGS). This occurred in 3.7% of 
1 patients with ventricular arrhythmias who received a wide range of doses uncer a variety of circumstances. 


fe p Eres discontinuations because Epoch in controlled clinical trials and in open studies, adverse reactions 

ais ‘ontinuation of ETHMOZINE- in 7% of 1105 patients with ventricular anc supraventricular arrhythmias, including 
oinausea, 1.6% due to ECG abnormalities (principally conduction defects, sinus pause, junctional rhythm, or AV 
aM e to congestive heart failure, and 0.3-0.4% due to dizziness, anxiety, drug fever, urinary retention, buneg vision, 
estinal upset, rash, and laboratory abnormalities. 









quently occurring adverse reactions in the 1072 patients ree all adverse experiences whether or not 
[HMOZINE-felated by the investigator) were dizziness (15.1%), nausea (9.6%), headache (8.0%), fatigue 
ar ions (5.8%), and dyspnea (5.7%). Dizziness appears to be related to the size of each dose. In a comparisan of 

md ga prea b.i.d. or 300 mg t.i.d., more than 20% of patients experienced dizziness on the b.i.d. regimen vs. 

on the t.i.d. regimen 


T 


Ee cos reported by less than 5%, but in 2% or greater of the patients were: sustained ventricular tachycardia, 
ople abdominal pain, dyspepsia, vomiting, sweating, cardiac chest pain, asthenia, nervousness, paresthesia, 
heart failure, musculoskeletal pain, diarrhea, dry mouth, cardiac death, sleep disorders, and blurred vision. 


aperto reactions infrequently reported (in less than 2% of patients) were: 


tension, hypertension, syncope, supraventricular arrhythmias (including atrial fibrillation/fiutter), 
cardia, pulmonary embolism, myocardial infarction, vasodilation, cerebrovascular events, 









rs 


#3 
ae hall 
"o 


=, 


m — tremor, anxiety, depression, euphoria, confusion, somnolence, agitation, seizure, coma, abnormal gait, 
„nystagmus, diplopia, speech disorder, akathisia, loss of memory, ataxia, abnormal coordination, dyskinesia, 


i a urinary retention or frequency, 


4) 
tos 


ria, urinary incontinence, kidney pain, impotence, decreased libido; 
entilation, mapie ags merd, gitis, cough, sinusitis; 

Sastroi “anorexia, bitter taste, dysp gia, flatulence, ileus; 

Other fet pea, temperature p i e akng eye pain, rash, pruritus, dry skin, urticaria, swelling of the lipsand 


HMOZINE therapy, two patients developed thrombocytopenia that may have been drug-related. Clinically significant 
in liver function tests (bilirubin, serum transaminases) and jaundice consistent with hepatitis were rarely reported. 
a caúse and effect relationship has not been established, caution is advised in patients who develop unexplained 
Paine hones dysfunction, and consideration should be given to discontinuing therapy. 


developed rechallenge-confirmed drug fever, with one patient experiencing an elevation above 103°F (to 1059F, 
foe cre ert weeks in 2 cases, and after fi 1 weeks ite third. Fevers resolved within 48 hours of 








NAIR pene similar in patients over 65 (n=375) and under 65 (n=697), although discontinuation of 
i min proarrhythmia was more common in older patients its 9% vs. 7.7%). Overall mortality was 
older p fee but those were not deaths attributed to treatment and the older patients had more 
ing ask iene fed coring (ocourence in more than 2% of the patients) noncardiac adverse reactions 

lated or of unknown relations clinical trials during the first one to two weeks of therapy with 
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- E, quinidine, placebo, or propranololin patients with ventricular arrhythmias. 
w 
5 
pe: 
Ait 
TR S SYA AR, Een Se A . i $ z re: 
La ReaD OE: aS dy LP EAIA AE EER, E 
SCG Es ae © Eee SE T eres «) Erina 








PY DURATION = 144 DAYS) 


; >2% >2% 

Adverse Moricizine Placebo 

Reactions No. % No. % No. 
Total No.. 1072 110 
of Patients 


Dizziness 121 1 
Nausea 74 
Headache 62 

Pain 41 

Dyspnea 41 
Hypesthesia 

Fatique 33 

Vomiting 22 
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Dry Mouth 
Nervousness 
Blurred Vision 
Diarrhea 
Constipation 
Somnolence 
Urinary 
Retention 
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OVERDOSAGE 
Deaths have occurred after accidental or intentional overdosages of 2,250 and 10,000 mg ba ETHMOZINE, respectively. 


Signs, Symptoms and Laboratory Findings Associated with an Overdosage of Drug 

Overdosage with ETHMOZINE may produce emesis, lethargy, coma, syncope, tension, conduction disturbanc 
exacerbation of co sg heart failure, myocardial infarction, sinus arrest, arrhythmias, (including junctional bradycari 
ventricular tachycardia, ventricular fibrillation and asystole), and respiratory failure. 


Lethal Dose in Animals 

Oral doses of ETHMOZINE of about 200 mavkg in qi 250 mg/kg in monkeys, 420 mg/kg in mice and 905 mg/kg in rats w 

phe to about one-half of the animals exposed. Death was usually preceded by tremors, convulsions and respirat 
epression. 


Recommended General Treatment Procedures 

A specific antidote for ETHMOZINE has not been identified. In the event of overdosage, treatment should be supporti 
Patients should be hospitalized and monitored for cardiac, respiratory and CNS changes. Advanced life support syster 
including an intracardiac pacing catheter, should be provided where necessary. Acute overdosage should be treated v 
appropriate gastric evacuation, and with s ving care to avoid aspiration. Accidental introduction of ETHMOZINE into the tur 
of monkeys resulted in rapid arrhythmic 


DOSAGE AND ADMINISTRATION 

The dosage of ETHMOZINE must be individualized on the basis of antiarrhythmic response and tolerance. Clinical, card 
rhythm monitoring, electrocardiogram intervals, exercise testing, and/or programmed electrical stimulation testing may 
used to guide antiarrhythmic response and dosage adjustment. In a eneral, the patients will be at i risk and should 
hospitalized for the initiation of therapy (see INDICATIONS AND USAGE 


The usual adult dosage is between 600 and 900 mg per day, given every 8 hours in three equally divided doses. Within t 
range, the dosage can be adjusted as tolerated, in increments of 150 mg/day at 3-day ged bs un the desired effec 
obtained. Patients with life-threatening arrhythmias who exhibit a beneficial response as jud criteria (Ho 
monitoring, programmed electrical stimulation, exercise testing, etc.) can be maintained on c mE MOZINE therapy. 
the antiarrhythmic effect of ETHMOZINE persists for more than 12 hours, some patients whose arrhythmias are w 
controlled on a Q8H regimen may be given the same total daily dose in a Q12H regimen to increase convenience and h 
assure compliance. When higher deses are used, patients may experience more dizziness and nausea on the Q1 
regimen. 


Patients with Hepatic impairment 
Patients with hepatic disease should be started at 600 mg/day or lower and monitored closely, including measurement of E! 
intervals, before dosage adjustment. 


Patients with Renal Impairment 
Patients with significant renal dysfunction should be started at 600 maiday or lower and monitored closely, includi 
measurement of ECG intervals, before dosage adjustment. 


Transfer to ETHMOZINE 

Recommendations for transferring patients from another antiarrhythmic to ETHMOZINE can be given based on theoreti 
considerations. Previous antiarrhythmic therapy should be withdrawn for 1-2 plasma half-lives before starting ETHMOZINE 
the recommended dosages. In patients in whom withdrawal of a previous antiarrhythmic is likely to produce life-threateni 
arrhythmias, hospitalization is recommended. 


Start ETHMOZINE 


Transferred From 

Quinidine, Disopyramide 6-12 hours after last dose 

Procainamide 3-6 hours after last dose 

Encainide, Propafenone, 8-12 hours after last dose 

Tocainide, or Mexiletine 

Flecainide 12-24 hours after last dose 

HOW SUPPLIED 

ETHMOZINE (moricizine hydrochloride) is available as oval, convex, film-coated tablets as follows: 

200 mg (light green): Bottles of 100 (NDC 0056-0061-70) 
Hospital Unit Dose Carton of 100 
(NDC 0056-0061-75) 

250 mg (light orange): Bottles of 100 (NDC 0056-0062-70) 
Hospital Unit Dose Carton of 100 
(NDC 0056-0062-75) 

300 mg (light blue): Bottles of 100 (NDC 0056-0064-70) 
Br Unit Dose Carton of 100 
(NDC 0056-0064-75) 


Store at controlled room temperature (59°-85°F, 15°-30°C) in a “closed, light-resistant FAM DNN Keep in carton ur 
dispensed. Protect from light. l ionty ” 





Du Pont Pharmaceuticals 

E.I. du Pont de Nemours & Co. 

Wilmington, Delaware 19898 | | l ON 
ETHMOZI n US Pate Trademark of E.l. du Pont de Nemours & Co. ) see 
Printed i mush U.S. Patent . 
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Effects of Two Types of Fish Oil Supplements on 
Serum Lipids and Plasma Phospholipid Fatty 
Acids in Coronary Artery Disease 


Gregg J. Reis, MD, David |. Silverman, MD, Theresa M. Boucher, RN, Mary Ellen Sipperly, RN, 
Gary L. Horowitz, MD, Frank M. Sacks, MD, and Richard C. Pasternak, MD 





Fish oil has consistently been shown to lower tri- 
glyceride levels, but its effects on low-density lipo- 
protein (LDL) cholesterol remain controversial. The 
current study compares the long-term effects of 2 
different fish oil preparations (ethyl ester and tri- 
glyceride) versus olive oil in patients with coronary 
artery disease. Eighty-nine subjects were randomly 
assigned to receive capsules containing 6 g/day 
(triglyceride group) or 7 g/day (ethyl ester group) 
of n-3 fatty acids, or capsules containing 12 g/day 
of olive oil for 6 months. Mean triglyceride levels 
decreased by 28% in the ester and 32% in the tri- 
glyceride fish oil groups (p <0.05 for both). LDL 
cholesterol levels increased by 3% (difference not 
significant) in the ester and 12% (p <0.05) in the 
triglyceride fish oil groups; in hypertriglyceridemic 
subjects the increase was 23% (p <0.01) and 14% 
(difference not significant), respectively. Plasma 
phospholipid fatty acid analysis showed a fivefold 
increase in eicosapentaenoic acid levels in both fish 
oil groups (p <0.001), and a long-term decrease in 
arachidonic acid levels (p <0.001). Achieved eico- 
sapentaenoic acid level correlated with the degree 
of increase in LDL cholesterol (r = 0.38, p <0.05). 
These data suggest that fish oil administration is 
associated with an increase in LDL cholesterol lev- 
els in a diverse group of patients with coronary ar- 
tery disease; this change appears to be correlated 
with n-3 fatty acid absorption. The impact of this 
increase in LDL is unknown, but should be consid- 
ered as potentially adverse. 

(Am J Cardiol 1990;66:1171-1175) 
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From the Charles A. Dana Research Institute and the Harvard-Thorn- 
dike Laboratories of the Cardiovascular Division, Beth Israel Hospital, 
and the Channing Laboratory, Brigham and Women’s Hospital and 
Harvard Medical School, Boston, Massachusetts. This study was sup- 
ported in part by Grant RR-01032 from the General Clinical Research 
Centers Program of the Division of Research Resources, National Insti- 
tutes of Health, Bethesda, Maryland. Dr Sacks is a recipient of an 
Established Investigator Award from the American Heart Association, 
Dallas, Texas. The Warner-Lambert Corporation, Morris Plains, New 
Jersey, and Pharmacaps, Inc., Elizabeth, New Jersey, provided fish oil 
and placebo capsules for the trial. Manuscript received April 20, 1990; 
revised manuscript received and accepted July 5, 1990. 

Address for reprints: Richard C. Pasternak, MD, Beth Israel Hos- 
pital, 330 Brookline Avenue, Boston, Massachusetts 02215. 


ing the potential efficacy of fish oil supplements 

for the prevention or treatment of atherosclero- 
sis. No controlled trials of fish oil for this indication 
have been performed to date in humans; studies in pa- 
tients undergoing coronary angioplasty have yielded 
conflicting results! for the prevention of recurrent 
coronary artery stenosis (restenosis). Furthermore, the 
mechanism by which fish oil is potentially antiathero- 
sclerotic remains unresolved.* An important question 
concerns the effect of fish oil supplements on plasma 
lipid levels. Whereas consistent reductions in plasma tri- 
glyceride and very low density lipoprotein (VLDL) cho- 
lesterol levels have been reported, effects on low-density 
lipoprotein (LDL) cholesterol levels have been vari- 
able.*-!° 

Levels of n-3 fatty acids during fish oil supplementa- 
tion have been measured in various tissues, including 
plasma,!!-!3 platelet membranes!!! and erythro- 
cyte membranes.!? Marked increases in eicosapentaen- 
oic (20:5, n-3) and docosahexaenoic (22:6, n-3) acids 
occur, as do decreases in levels of arachidonic acid 
(20:4, n-6); these changes may account for the inhibi- 
tion of platelet aggregation that occurs in patients re- 
ceiving fish oil.!!-15 Although the lipid and fatty acid 
effects of fish oil are dose-dependent, the relation be- 
tween changes in plasma or membrane fatty acid com- 
position and serum lipids is largely unexplored. 

Most studies of fish oil supplementation have been 
relatively short-term (<1 month), and have used as sub- 
jects normal volunteers or patients with hypertriglycer- 
idemia. Fish oil has been increasingly used for treat- 
ment of patients with other types of hyperlipidemias or 
atherosclerosis.!° The current study tests the effects on 
serum lipid and plasma phospholipid fatty acid levels of 
long-term fish oil supplementation in patients with cor- 
onary artery disease and heterogenous baseline lipid 
levels. 


D espite extensive study, controversy exists regard- 


METHODS 

Study design: This study was conducted as part of a 
larger trial of fish oil in the prevention of restenosis af- 
ter coronary angioplasty.? Eighty-nine patients undergo- 
ing coronary angioplasty at the Beth Israel Hospital 
were enrolled in this portion of the trial. Patients with a 
history of recent significant bleeding were excluded. 
There were 13 patients taking lipid-lowering medica- 
tions at the onset of the study; these patients were not 
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excluded, but were maintained on the same medication 
for the study duration. 

All aspects of the protocol were approved by the hos- 
pital’s Committee on Clinical Investigations. Informed 
consent was obtained from all patients, who were then 
randomly assigned to receive 1 of 3 preparations: (1) 
ethyl esters of fatty acids extracted from fish oil (Super- 
EPA, Pharmacaps Corporation, Elizabeth, New Jer- 
sey); (2) a purified fish oil containing the fatty acids in 
triglyceride (Promega, Parke-Davis Division of Warner- 
Lambert Corporation, Morris Plains, New Jersey); or 
(3) identical capsules containing olive oil. The study was 
conducted in a double-blind fashion. Of the 89 patients, 
32 were randomly assigned to the ethyl ester fish oil, 36 
to the triglyceride fish oil and 21 to olive oil; the lower 
number in the latter group is partly a consequence of 
the design of the angioplasty trial, during a pilot phase 
of which patients were randomized to receive 1 of the 
fish oil formulations without randomization to a control 
group (28 patients). The remaining 61 patients were 
randomized concurrently. 

Each patient took twelve 1-g capsules/day for a pe- 
riod of 6 months. The SuperEPA capsules supplied 7.0 
g/day of n-3 fatty acids (3.7 g eicosapentaeonoic, 2.5 g 
docosahexaenoic, 0.8 g other); the Promega supplied 6.0 
g/day n-3 fatty acids (3.4 g eicosapentaenoic, 1.4 g do- 
cosahexaenoic, 1.2 g other). The daily dosage of both 
fish oil and olive oil capsules contained 12 g of total fat, 
108 calories and <12 mg of cholesterol. Medication 
compliance was determined by pill count at the 6-month 
follow-up. Patients received general dietary counsel- 
ing during their hospital admission in accordance with 
American Heart Association Phase I or National Cho- 
lesterol Education Program Step I diets. Dietary com- 
pliance was assessed using standardized semiquantita- 
tive questionnaires. 

Fasting blood samples were obtained at baseline, at 
the time of angioplasty before systemic heparinization 
(5.9 + 1.3 days after initiation of treatment) and at 6 
months. Approximately 10 ml of blood was collected in 
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FIGURE 1. Response of plasma 
to fish oil or olive oil treatment. Levels 


donic acid; EPA = eicosapentaenoic acid; Ester FO = ethyl es- 
ter fish oll; Trig FO = triglyceride fish oil. * p <0.001 vs base- 
line. 
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a serum separator tube (Corvac, Sherwood Medical, St. 
Louis, Missouri) and centrifuged at 1,000 X g. In a sub- 
set of 42 patients, an additional 10 ml of blood was 
drawn into tubes containing 1 mg/ml of ethylenedi- 
aminetetraacetic acid, and plasma separated by centri- 
fugation. If not analyzed immediately, samples were 
stored at —70°C. 

Lipid and lipoprotein analysis: Serum lipids were 
measured by the clinical chemistry laboratory of the 
Beth Israel Hospital, using 2 COBAS-BIO centrifugal 
analyzer (Roche Diagnostic Systems, Nutley, New Jer- 
sey). Cholesterol and triglycerides were measured us- 
ing a standard enzymatic assay (Abbott Laboratories, 
North Chicago, Illinois). High-density lipoprotein 
(HDL) cholesterol was measured simultaneously after 
treatment of serum with magnesium phosphotungstate 
(Sigma Diagnostics, St. Louis, Missouri). Typical inter- 
assay coefficients of variation for these assays were: 
cholesterol, 1.1% at 246 mg/dl and 2.1% at 139 mg/dl; 
HDL cholesterol, 5.8% at 26 mg/dl; and triglycerides, 
3.5% at 185 mg/dl and 5.5% at 100 mg/dl. LDL cho- 
lesterol was calculated using the formula LDL choles- 
terol = total cholesterol — HDL cholesterol — triglycer- 
ide/5, when triglyceride is <400 mg/dl. In 3 patients 
with triglyceride levels >400 mg/dl, LDL was not cal- 
culated, and these patients were not included in analysis 
of LDL results. 

Fatty acid analysis: Total lipid extractions were per- 
formed on a 100 uliter aliquot of plasma using a 3:2 
hexane:isopropanol mixture.!’ The solvent was evapo- 
rated, and the lipids redissolved and applied to a thin 
layer chromatography plate. The plasma phospholipid 
fraction was then separated using an 83.3% petroleum 
ether/14.7% ethyl ether/1.9% glacial acetic acid mix- 
ture as the solvent. Phospholipids were removed from 
the plate, esterified in the presence of methanol and 
acetyl chloride'* and evaporated to dryness. The fatty 
acid methyl esters were dissolved in isooctane, and ana- 
lyzed by gas-liquid chromatography (Hewlett-Packard 
model 5980) using a 60 X 0.32 meter, 90% bis-cyano- 


epa level (ratio) 





FIGURE 2. Eicosapentaenoic acid (epa) levels before (PRE) 
and after (POST) 6 months of fish oil treatment. Crosses rep- 
resent patients who were known to have discontinued therapy 
before measurement. Mean + standard deviation is shown for 
patients compliant with therapy. 


TABLE I Effects of Fish Oil Supplementation on Serum Lipids 


Total 
Chol. 





HDL Chol. LDL Chol. 





Triglyceride 








Ethyl ester FO (n = 32) 











Baseline 215+51 41414 2184248 137 +39 

6months 210+43 43417 156 + 230* 141439 
Triglyceride FO (n = 36) 

Baseline 217 +38 38412 202+88 138 + 32 

6months 224432 43415 137+61* 155 + 29* 
Olive oil (n = 21) 

Baseline 214+ 46 39414 200+159 141443 

6months 207+43 41413 190 + 164 137+ 42 








* p <0.05 versus olive oil group. 
Values are mean + standard deviation in mg/ deciliter. 
Chol. = cholesterol; FO = fish oil; HDL = high-density lipoprotein; LDL = low-density 
lipoprotein. 







propyl, 10% phenylcyanopropyl siloxane phase column 
(Restek, RTX 2330, Bellefonte, Pennsylvania). Reten- 
tion times and response factors for each fatty acid were 
determined using authentic standards. Total and indi- 
vidual n-3 fatty acid levels are reported as percentages 
of total plasma phospholipid fatty acids. Samples were 
adequate for analysis in 38 of the 42 patients in which 
they were obtained. 

Statistical analysis: Comparisons of changes in lipid 
levels between treatment groups were done using analy- 
sis of variance for repeated measures. Changes in fatty 
acid levels were compared using Student’s ¢ test for 
paired observations. Where appropriate, multiple logis- 
tic regression analyses were performed using the Proph- 
et system, a national computer resource sponsored by 
the Division of Research Resources of the National In- 
stitutes of Health. Values were considered significant at 
p <0.0S. 


RESULTS 

Fatty acid effects: Baseline levels of n-3 and arachi- 
donic acids in plasma phospholipids were similar in all 
groups. Eicosapentaenoate levels increased fivefold from 
baseline to the time of first repeat measurement (mean, 
5.9 + 1.3 days of treatment) in the fish oil-treated 
groups; this increase was sustained after 6 months of 
treatment (Figure 1). Similar changes were noted in 
levels of other n-3 fatty acids (not shown). Arachido- 
nate levels did not change by 5.9 + 1.3 days, but de- 
creased significantly at 6 months in both fish oil groups. 
The eicosapentaenoic/arachidonic acid ratio increased 
from 0.08 + 0.04 at baseline, to 0.43 + 0.16 at 6 days, 
and 0.69 + 0.36 at 6 months (p <0.001). Despite excel- 
lent compliance with study medication (92 + 19%, no 
difference among groups), there was variability in indi- 
vidual patient response (Figure 2). If the 4 patients who 
discontinued fish oil 2 to 14 days before 6-month follow- 
up are excluded from analysis, the levels of fatty acids 
at follow-up were: eicosapentaenoic, 5.2 + 1.5%, doco- 
sahexaenoic, 6.1 + 2.2%, total n-3, 12.6 + 3.2%, and 
arachidonic, 7.1 + 1.3%. All values are changed from 
baseline and significantly different from the olive oil 
group (p <0.001). Interestingly, among the 4 patients 
who discontinued fish oil early, n-3 levels were identical 
to olive oil-treated patients, but arachidonic acid levels 
remained lower, suggesting that changes in arachidonic 
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TABLE Il Effect of Baseline Triglyceride on Response to Fish 
Oil Therapy 


Baseline Change 
Trig. (mg/dl) No. Trig. (%) 


Change LDL 
Chol. (%) 


Ethyl ester 
fish oil 


Triglyceride 
fish oil 


* p <0.01 for association of lipid effect of fish oil with baseline triglyceride. 
Percentages represent change in lipid value from baseline. 
Chol. = cholesterol; Trig. = triglyceride. 


acid levels induced by fish oil lag behind n-3 levels both 
in onset and in their return to baseline. 

Despite the slightly higher daily dose of n-3 fatty 
acids in the ethyl ester group (7 vs 6 g), plasma n-3 
levels were slightly (although not significantly) lower in 
this group than in the triglyceride group, possibly re- 
flecting poorer absorption of the ethyl ester, as has been 
observed in other studies.'? There were no significant 
changes in any fatty acid levels including oleic acid 
(18:1) in the olive oil group. 

Serum lipids: The effects of the 2 types of fish oil 
supplementation and olive oil on serum lipids are listed 
in Table I. As expected, triglyceride levels decreased 
significantly in both fish oil groups. Calculated LDL 
cholesterol levels increased by 12% in the group treated 
with the triglyceride fish oil preparation; there was 
no significant change in the ethyl ester-treated group. 
There were no changes in serum lipid levels in the olive 
oil-treated group. 

The increase in plasma phospholipid eicosapentaen- 
oate levels correlated with the increase in LDL choles- 
terol. Fish oil-treated patients in whom eicosapentaenoic 
acid comprised >4.5% of plasma fatty acids at follow- 
up (n = 24) had a mean increase in LDL cholesterol 
of 30 + 28 mg/dl; those with lower achieved levels 
(<4.5%, n = 14) had only a 5 + 22 mg/dl increase (p 
<0.05). Multiple logistic regression analysis revealed ei- 
cosapentaenoate level to be independently associated 


r 20.38 p €.05 
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FIGURE 3. Effect of achieved 


eicosapentaenoic acid (epa) level 
on change in LDL cholesterol with fish oil therapy. A weak but 
significant association is present. 
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with the change in LDL cholesterol (r = 0.38, p <0.05), 
even after accounting for the association with baseline 
triglycerides. This suggests a weak dose-response rela- 
tion (Figure 3). There were no correlations between n-3 
levels and changes in triglycerides. 

Baseline triglyceride levels influenced the response of 
serum lipids to fish oil therapy (Table II). Hypertriglyc- 
eridemic patients had the greatest decrease in serum tri- 
glycerides with fish oil therapy, both absolutely and on 
a percentage basis. Although baseline triglyceride levels 
influenced changes in LDL cholesterol in the ethyl ester 
group, there was no apparent effect in the triglyceride 
fish oil group. 


DISCUSSION 

In this study of 89 patients with coronary artery dis- 
ease, fish oil supplementation with either a triglycer- 
ide or ethyl ester formulation produced significant de- 
creases in serum triglyceride levels and increases in 
LDL cholesterol levels. Patients achieving high plasma 
n-3 levels had the greatest increases in LDL cholesterol. 

Fish oil decreases VLDL cholesterol and plasma tri- 
glycerides primarily by decreasing hepatic production of 
VLDL,” probably by inhibiting the enzyme (acyl-coen- 
zyme A:1,2-diacylglycerol acyltransferase) catalyzing 
the final step in triglyceride synthesis.*! The effects of 
fish oil supplementation of LDL cholesterol levels have 
been variable,*+!° and the mechanism less clearly eluci- 
dated. Fish oil, in addition to decreasing the production 
of VLDL, causes production of smaller, less triglycer- 
ide-rich VLDL,’ which has been shown to be more easi- 
ly converted to LDL.” 

Therefore, particularly in patients with hypertriglyc- 
eridemia, the net result of fish oil administration may be 
a paradoxical increase in LDL levels.§-!° In the pres- 
ent study, increases in LDL cholesterol levels occurred 
even in patients with normal triglyceride levels. A simi- 
lar finding was noted by Dehmer et al! in a diverse pop- 
ulation of patients undergoing coronary angioplasty. 
While fish oil supplements may be administered to hy- 
pertriglyceridemic patients in an attempt to normalize 
lipid levels, the suggestion of a direct antiatherosclerotic 
effect of fish oils in population studies?>,74 or animal ex- 
periments?’ has led to increasing use of fish oil by clini- 
cians for other indications.'© In addition, aggressive 
marketing efforts have been undertaken to promote 
sales of over-the-counter fish oil preparations. 

Although LDL cholesterol increased primarily in pa- 
tients treated with the triglyceride fish oil, multiple re- 
gression analysis indicates that this was primarily a 
function of higher n-3 fatty acid levels. Unlike max- 
EPA, neither Promega or SuperEPA contain significant 
amounts of cholesterol or saturated fat, so it is likely 
that the n-3 fatty acids themselves are responsible for 
the observed changes in serum lipids. In analyzing prior 
studies for the effects of fish oil on lipids, it is impor- 
tant to distinguish between those that substituted fish or 
fish oils for other dietary components*®?° and those 
that have added fish oil supplements but left diet un- 
changed.!:’-!9 Studies in which fish or fish oil was sub- 
stituted have generally demonstrated decreases in to- 
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tal and LDL cholesterol, probably due to a reduction 
in saturated fat intake.” The studies of “pure” fish 
oil supplementation have more consistently shown in- 
creases in LDL cholesterol, although very high doses 
(up to 25 g/day of n-3 fatty acids) have resulted in de- 
creases in some patients with type IIb hyperlipidemia.°® 
The current study shows the increase in LDL to be cor- 
related with achieved plasma n-3 levels. 

An additional finding in the present study was that 
the decrease in plasma phospholipid arachidonic acid 
levels was delayed. Studies of the effect of fish oil on 
platelet function have suggested that there is a progres- 
sive inhibition over several weeks.!328 It is possible that 
the gradual decrease in plasma (and membrane) arachi- 
donic acid levels is primarily responsible for platelet 
inhibition, as this is the substrate for thromboxane- 
A2, levels of which decrease with fish oil administra- 
tion, 13.28.29 

Study limitations: The current study has 3 impor- 
tant limitations. First, fatty acid levels were measured in 
plasma, not platelet membranes. However, fatty acid 
changes in plasma phospholipids parallel those in plate- 
let membranes, with a faster onset and washout.!’ Sec- 
ond, LDL cholesterol levels were calculated rather than 
measured. A subset of patients did have LDL separated 
by ultracentrifugation; cholesterol measurements in this 
group confirmed the increase in calculated LDL. Third, 
no definite conclusions can be drawn from this study 
regarding changes in atherosclerosis risk in patients re- 
ceiving fish oil. It should be noted, however, that the 
highly unsaturated n-3 fatty acids are more subject to 
oxidation than other fatty acids, a factor that may in- 
crease the atherogenicity of LDL particles containing n- 
3 fatty acids. 
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Predictive Value of Lipoprotein (a) and Other 
Serum Lipoproteins in the Angiographic 
Diagnosis of Coronary Artery Disease 


James A. Hearn, MD, Samuel J. DeMaio, Jr., MD, Gary S. Roubin, MD, PhD, 
Margareta Hammarstrom, MS, and Demetrios Sgoutas, PhD 


To determine the relation among lipids in predicting 


coronary artery disease (CAD), 213 patients under- 
going diagnostic angiography for suspected CAD 
were prospectively studied. Twenty-one patients 
had normal coronary arteries and 192 had CAD in 
1 to 3 arteries at arteriography with measurements 
obtained with digital calipers. Lipoproteins were 
measured and lipoprotein (a) [Lp(a)] was also as- 
sayed in a subset of 98 patients with CAD. Statisti- 
cal analysis was performed using uni- and multivar- 
iate techniques to test the association among age, 
gender, systemic hypertension, diabetes mellitus, 
cigarette smoking, family history, total cholesterol, 
triglycerides, high-density lipoprotein (HDL) choles- 
terol, low-density lipoprotein (LDL) cholesterol, 
very low density lipoprotein cholesterol, apolipopro- 
teins (apo) A-I and apo B, ratio of apo A-I to apo B, 
and ratio of HDL cholesterol to total cholesterol, to 
Lp(a) and to CAD. All factors except gender, sys- 
temic hypertension, diabetes mellitus and cigarette 
smoking were univariate predictors of CAD. Multi- 
variate predictors were, in decreasing order of sig- 
nificance, family history, age, HDL/total cholesterol 
ratio and apo B. When Lp(a) was included, multi- 
variate predictors were age, family history, apo B 
and Lp(a), in that order. Lipid parameters alone 
showed that the HDL /total cholesterol ratio and 
that Lp(a) provide the best predictive tests for the 
detection of CAD in this referral population and 
may ultimately become important screening tests 
for CAD. 

(Am J Cardiol 1990;66:1176-1180) 
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poprotein classes and the angiographic verifica- 

tion of coronary artery disease (CAD) have 
shown similar but sometimes slightly disparate results, 
especially when relating the relative importance of the 
ratio of high-density lipoprotein (HDL) cholesterol to 
total cholesterol versus apolipoprotein (apo) A-I or apo 
B.!-4 However, these studies all used visual grading of 
coronary stenoses, which is known to be error-prone. To 
determine if objective evidence of CAD, as determined 
by angiography with percent stenosis measured with 
digital calipers,> could be predicted by serum lipids, 
a new class of lipoproteins, namely lipoprotein (a) 
[Lp(a)], which has recently attracted attention as a risk 
factor for CAD, were measured.*’ Lp(a) apolipopro- 
teins consist of apo B and apolipoprotein (a), a protein 
having a structure similar to plasminogen,® which binds 
to fibrin,? and which has been localized in human 
atherosclerotic plaques.!° Epidemiologic studies have 
shown a correlation of Lp(a) with clinical CAD, where- 
as angiographic studies'' have shown an association of 
Lp(a) with the occurrence of vein graft stenoses after 
coronary artery bypass grafting. !? 


P revious studies of the association among various li- 


METHODS 

Patients: The study population consisted of 213 pa- 
tients undergoing diagnostic coronary angiography for 
suspected CAD at Emory University Hospital in Atlan- 
ta, Georgia. Patients from group A were classified in 
subgroups with either normal coronary arteries or with 
l-, 2- and 3-vessel CAD. A significant stenosis was de- 
fined as 250% narrowing of the transluminal diameter 
in the left anterior descending, the left circumflex or the 
right coronary artery. There were 149 men with an av- 
erage age 57 + 19 years (mean + standard deviation) 
and 69 women (mean age 64 + 18) in group A and 68 
men (mean age 55 + 17) and 20 women (mean age 63 
+ 18) in group B. Blacks were excluded from group B 
because blacks as a group have much higher Lp(a) lev- 
els than do whites.!3 

Cardiac catheterization and coronary angiography: 
Selective coronary angiography was performed in pa- 
tients after a 12-hour fast. To visualize the entire coro- 
nary circulation, repeated injections with 4 to 8 ml of 
either meglumine diatrizoate or iopamidol were per- 
formed. Multiple views, including anteroposterior, right 
and left anterior oblique, with various cranial and cau- 
dal angulations, were recorded on 35-mm cineangio- 
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No. of pts. 

Age (mean) 

Gender (% male) 

Positive family history of 
CAD (%) 

Diabetes mellitus (%) 

History of hypertension (%) 

Cigarette smoking (%) 


CAD = coronary artery disease; O = normal; + = diseased. 
Values are mean + standard deviation. 


TABLE Il Mean (+ SD) Serum Lipids, Lipoprotein and 
Apolipoproteins in Group A 


CAD 
No. of pts. 21 
Cholesterol (mg/dl) 189 (38) 
Triglycerides (mg/dl) 115 (50) 
HDL-C (mg/dl) 54 (18) 
111 (33) 
23 (10) 
0.29 (0.10) 
117 (33) 
96 (24) 
1.27 (0.40) 


LDL-C (mg/dl) 
VLDL-C (mg/dl) 
HDL-C /cholesterol 
Apo A-I (mg/dl) 
Apo B (mg/dl) 

Apo A-| /apo B 


0.20 (0.06) 
101 (27) 
117 (25) 
0.91 (0.34) 
CAD = coronary artery disease; HDL-C = high-density lipoprotein cholesterol; LDL- 


C = low-density lipoprotein cholesterol; SD = standard deviation; VLDL-C = very low 
density lipoprotein cholesterol; 0 = normal; + = diseased. 


graphic film at a rate of 30 frames/s. A 5- to 9-inch 
image intensifier was used as necessary to display the 
appropriate anatomy. The cine films were projected on 
Siemens flat, front-viewing projector, and the stenoses 
were measured with a programmable digital electronic 
caliper system (Sandhill®) by an observer blinded to the 
results of the serum analyses. Coronary angiograms 
were classified on the basis of 0 (absolutely normal) or 
as >50% diameter stenosis in any of 3 epicardial arter- 
ies. 

Plasma lipid and lipoprotein determinations: All pa- 
tients were sampled after a 12-hour fast at the time of 
arteriotomy before systemic heparinization. Serum was 
obtained by centrifugation of clotted specimen within 
30 minutes. Serum specimens were aliquoted into multi- 
ple fractions that were frozen at —80°C until analyzed. 
Total cholesterol and triglyceride levels were deter- 
mined enzymatically. The procedures were standardized 
according to the guidelines set by the Lipid Research 
Clinic Program.'* There was an intra- and interassay 
coefficient of variation (CV) of less than 3.0 and 3.5%, 
respectively, and an accuracy within 5% of the value for 
a standard cholesterol analysis (Centers for Disease 
Control, Atlanta, Georgia). Triglyceride levels were de- 
termined with inter- and intraassay CVs of 6.2 and 
5.1%, respectively. HDL cholesterol was determined en- 
zymatically in the supernates after precipitation of low- 
density lipoprotein (LDL) and very low density lipopro- 
tein with 4% phosphotungstic acid. For HDL cholester- 
ol the inter- and intraassay CVs were 4.5 and 3.6%, 








TABLE Ill Mean (+ SD) Serum Lipids, Lipoprotein and 
Apolipoproteins in Group B 


No. of pts. 
Cholesterol (mg/dl) 
Triglycerides (mg/dl) 
HDL-C (mg/dl) 
LDL-C (mg/dl) 
VLDL-C (mg/dl) 
HDL-C /cholesterol 
Apo A-I (mg/dl) 

Apo B (mg/dl) 

Apo A-|/apo B 

Lp (a) (mg/dl) 


NS = difference not significant; other abbreviations as in Table Il. 


174 (38) 
108 (40) 
50 (19) 
111 (33) 
22 (9) 
0.30 (0.11) 
107 (37) 
96 (24) 
1.24 (0.48) 
6.4 (5.6) 


214 (46) 
170(101) 
44 (13) 
138 (40) 
34 (20) 
0.21 (0.06) 
105 (21) 
115 (23) 
0.95 (0.23) 
16.9 (16.2) 


0.014 
0.016 





respectively. The values of LDL cholesterol were calcu- 
lated using the Friedenwald formula.! Apo A-I and 
apo B were determined by radioimmunoassay (Ventrex 
Laboratories, Inc., Portland, Maine).!° Ten serum sam- 
ples from normal subjects were assayed in triplicate, 
with inter- and intraassay CVs of 5.8 and 4.2% found, 
respectively, for 8 independent observations. Lp(a) was 
measured with a commercially available noncompetitive 
enzyme-linked immunosorbent assay (ELISA) (Tint- 
Elize® Lp(a), Biopool AB, Umea, Sweden).'’ Within 
assay, variation at Lp(a) concentrations of 10 and 40 
mg/dl was 6.6 and 2.3%, respectively (n = 16). Be- 
tween assays, variation at the same concentrations was 
7.7 and 2.7%, respectively. Human plasminogen cross- 
reacted by 0.5% at concentrations of 100 mg/dl of plas- 
minogen in undiluted samples. 

Statistical procedures: Analyses were made with the 
aid of BMDP statistical programs.'® Of the continuous 
variables examined, only Lp(a) showed a skewed distri- 
bution. Data was compared using a l-way analysis of 
variance. A Mann-Whitney test was used to compare 
Lp(a) between groups. The Duncan new multiple range 
test was used to identify differences among the groups 
when the overall statistic F was significant. Multivariate 
analysis was done with stepwise logistic regression. 


RESULTS 

Demographic data on the entire population (n = 
213) of patients in our study are listed in Table I. Data 
include the number of patients with and without CAD, 
their mean age and gender, and the percentage with a 
positive family history for CAD, a history of diabetes 
mellitus, systemic hypertension and cigarette smoking. 
Half of the patients with CAD had a positive family 
history for heart disease and hypertension compared 
with one-third of patients without CAD. One-fourth of 
patients with CAD had diabetes mellitus compared with 
one-tenth for those without CAD. In all, there were sig- 
nificant differences among patients with and without 
CAD for the percentage with positive family history, 
diabetes mellitus and systemic hypertension. No signifi- 
cant difference was found for the percentage of smok- 
ers. 
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Tables II and III list the mean values and standard 
deviations for plasma lipids, lipoproteins and apolipo- 
proteins, as well as the ratios of HDL/total cholesterol 
and apo A-I/apo B in patients with and without CAD. 
As determined by analysis of variance, mean levels of 
total cholesterol, triglycerides, LDL cholesterol and apo 
B were significantly higher in patients with CAD than 
in those without. HDL cholesterol, apo A-I, the ratios 
of HDL/total cholesterol and apo A-I/apo B were all 
significantly lower in patients with CAD. Lp(a) had sig- 
nificantly higher mean values in patients with CAD 
compared to those without, 16.9 + 16.2 and 6.4 + 5.6 
mg/dl, respectively. 

Table IV lists results from Duncan’s multiple range 
test for variables after all patients were grouped accord- 
ing to the number of diseased vessels. Variables includ- 
ed total, LDL and HDL cholesterol, the ratio of LDL/ 
HDL cholesterol, apo A-I, apo B and the ratio of apo 
A-I/apo B. The values from the group with 0 vessel 
CAD were significantly different (p <0.05) from the 
values for the groups with 1-, 2- and 3-vessel CAD for 
LDL and HDL cholesterol and for the ratio of LDL/ 
HDL cholesterol. In addition, the values for the groups 
with 1-, 2- and 3-vessel CAD were similar in each in- 
stance and in each instance there was no statistically 


p «= 0.009 
with 
1,2, and 3 


1 2 





| Variable Control Single- 


(n = 36) 
Cholesterol (mg/dl) 192 (40) 198 (60) 


HDL-C (mg/dl) 56 (15)* 46 (14.1)* 44 (13.3)* 43 (11.3)* 
LDL-C (mg/dl) 112 (35) 129 (39)* 134 (33)* 145 (41.7)* 
LDL-C /HDL-C 2.2 (0.9)* 2.6 (1.3)* 3.3 (1.3)* 3.5 (1.2)* 
Apo A-I (mg/dl) 101 (22) 96 (15.2) 88 (17)* 80 (20)* 

Apo B (mg/dl) 88 (22) 94.8 (26.5)* 114.1 (19)* 122 (17)* 

Apo A-1 /apo B 1.23 (0.5) 1.1 (0.4) 0.79 (0.2)* 0.66 (0.18)* 


* Significantly diferent from controls. Duncan's multiple range test for variables. 
Abbreviations as in Table Il. 


Double- Triple-Vessel 












(n= 79) (n = 64) 
215 (32)* 227 (48)* 


significant difference among them. For total cholesterol, 
apo A-I, apo B and the ratio of apo A-I/apo B the val- 
ues for the group with 0 and 1-vessel CAD were not 
significantly different among themselves, although they 
were significantly different from the groups with 2 and 
3 narrowed arteries. In addition, the values for the 
group with 2 and 3 diseased vessels were similar. 

Figure 1 shows the distribution of Lp(a) according 
to the number of diseased vessels. Values for controls 
were significantly different from groups with 1, 2 and 3 
vessels with CAD, which were all similar among them- 
selves. 

Multivariate analysis, using those demographic and 
lipid parameters that were significantly different be- 
tween patients with CAD and control subjects (Tables 
I, II and III), showed that independent predictors of the 
presence of angiographic CAD in group A were, in de- 
scending order: family history, age, the ratio of HDL/ 
total cholesterol and apo B. In group B independent pre- 
dictors were: age, apo B, family history and Lp(a). 

Table V compares serum lipids, lipoproteins and 
apolipoproteins in patients with no demographic risks 
for CAD. The data show a tendency for increasing 
LDL cholesterol, apo B and Lp(a) in control subjects 
and in patients with CAD, respectively. A tendency for 


FIGURE 1. Serum lipoprotein Lp(a) 
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TABLE V Comparison Between Serum Lipids in CAD Groups with Negative Demographic Risk Factors 


HDL-C 
(mg/dl) 


Total 
Cholesterol 


Triglycerides 
(mg/dl) 


No. of pts. 12 12 12 


With CAD (mean) 
No. of pts. 
Without CAD (mean) 


198 (36) 130 (45) 36 (10) 
8 8 8 


201 (28) 
Values are mean + standard deviation. 
Abbreviations as in Table Il. 


130 (47) 47 (15) 


decreasing HDL cholesterol, apo A-I, and the apo A-I/ 
apo B ratio was observed in control subjects and in pa- 
tients with CAD, respectively. Multivariate analysis of 
the parameters (Table V) showed that the ratio of 
HDL/total cholesterol and the Lp(a) were the best pre- 
dictors for the presence of CAD. 


DISCUSSION 

The main goal of this study was to assess the relation 
between plasma lipid, lipoprotein and apolipoprotein 
measurements and CAD. Because visual readings of 
coronary angiograms are known for only a moderate de- 
gree of accuracy, we undertook the present study using 
a widely accepted quantitative method of measuring 
coronary arterial stenoses.’ In addition, we paid special 
attention to Lp(a), which recent studies have shown to 
have a positive correlation with angiographically dem- 
onstrated CAD in both native vessels and saphenous ve- 
nous bypass grafts.5-!2 The latter reports depended on a 
visual estimation of the extent of CAD and frequently 
on only qualitative measurement of Lp(a). With meth- 
ods for an Lp(a) assay now commercially available, we 
were able to include quantitative determinations of 
Lp(a) in our apolipoprotein measurements. However, it 
is well known that a uniform standard among different 
laboratories is lacking. Additionally, Lp(a) is heteroge- 
nous in size and density, and it has recently been shown 
that Lp(a) consists of >6 different phenotypes.'? Thus, 
immunometric methods could be highly dependent upon 
the antigenic sites of the antibodies that are used for the 
assay. 

Our results show that lipid measurements were sta- 
tistically different between the groups of patients with 
and without CAD. However, the proximity of the 
means of the 2 groups is too close to be clinically useful. 
In particular, serum Lp(a) provides a wide spread of 
results but has a large standard deviation that detracts 
slightly from its use as a possible screening tool. How- 
ever, for the individual patient with CAD, it may play 
an important role in the disease process. Note that dis- 
crepancies with other studies may exist because of dif- 
ferences in patient selection as well as methodologic de- 
ficiencies. 

The results showed no correlation between levels of 
lipoprotein and apolipoproteins and the severity of 
CAD. This was to be expected because atherosclerosis is 
a disease of unknown cause with many predisposing fac- 
tors. Common, well-recited coronary risk factors (e.g., 
smoking, diabetes and hypertension) did not indepen- 
dently predict the presence of coronary plaques. These 
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LDL-C Lp (a) 
(mg/dl) (mg/dl) 


12 12 12 12 7 

134 (35) 94 (20) 111 (20) 1 (0) 14(12) 
8 8 8 8 5 

124 (27) 103 (30) 98 (13) 1.1 (0.36) 


Apo A-1 / 


Apo A-I ApoB ApoB 


4(2) 


factors may relate importantly to thrombotic events 
(plaque activity) and less to the degree of narrowing. 
Our results with logistic regression analysis provide 
some estimate as to the relative strength of each vari- 
able in the prediction of the presence of hemodynami- 
cally important CAD. As was shown previously, family 
history and age play strong roles in the prediction of 
CAD. Apo B also has a predictive value in both sample 
populations. However, when Lp(a) was entered into the 
mode (group B), the serum HDL to total cholesterol 
ratio lost much of its predictive value. 

Additionally, multivariate analysis suggested that, in 
group A, correct classification of patients with and 
without CAD would be 83 and 71%, respectively. With 
the addition of Lp(a) (group B), correct classification of 
patients with and without CAD would be 83 and 77%, 
respectively. Note, however, that cut points located 
from this study, if used in different patient subsets, may 
result in lower rates of correct classification. With re- 
gard to patients free of demographic risks, the percent- 
age of accuracy of the multivariate analysis was too 
small to give results of any clinical usefulness. 

Measurements of plasma concentrations of lipids 
and apolipoproteins, although useful in identifying some 
groups at high risk for the development of CAD, do not 
detect the very important qualitative changes in lipopro- 
tein structure and functions that may be produced at or 
near the arterial wall. Yet such qualitative changes may 
enhance the atherogenic potencies of lipoproteins by al- 
tering the interactions between lipoproteins and arterial 
components. Researchers have recently reported on a 
strong correlation between serum Lp(a) and Lp(a) pres- 
ent in human aortas in areas of atherosclerosis.*? Cush- 
ing et al?! showed an accumulation of apo (a) in dis- 
eased coronary bypass grafts undergoing replacement. 
Measurement of these interactions may be a more ef- 
fective discriminator between CAD patients and pa- 
tients with normal coronary arteries. 
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Voltage Criteria of Left Ventricular Hypertrophy 
in Sudden and Nonsudden Coronary Artery 
-= Disease Mortality: The Italian Section of the 
Seven Countries Study 


Mariapaola Lanti, MD, Paolo Emilio Puddu, MD, and Alessandro Menotti, MD 


it is unclear whether sudden or nonsudden death 
can be predicted independently from other risk fac- 
tors for coronary artery disease (CAD). Therefore, 
this investigation was undertaken to measure 12- 
lead QRS voltage sum, a recently proposed (Am J 
Cardiol 1985;55:485-—494) index of left ventricu- 
lar (LV) hypertrophy, and its ability to predict ei- 
ther subsequent sudden (<2 hours) or nonsudden 
CAD death during 20 to 23 years of follow-up in 
1,588 middle aged men (40 to 61 years old) from 2 
cohorts of the Italian section of the Seven Countries 
Study who were free of demonstrable CAD (at en- 
try examination in 1962). The Sokolow-Lyon and 
the modified Sokolow-Lyon indexes, 2 standard 
electrocardiographic methods to detect LV hyper- 
trophy were also measured and compared. During 
follow-up, 67 patients died suddenly and 87 died a 
nonsudden CAD death. In the Cox proportional- 
hazards model, age, mean blood pressure, heart 
rate, body mass index, cholesterol, physical activi- 
ty, smoking habit, ST-T alterations (Minnesota 
codes 4.1 to 4.3 together with 5.1 to 5.3) and the 
3 electrocardiographic indexes, all measured at the 
time of enrollment into the study, were included. 
The 12-lead QRS voltage sum retained significant 
and independent relation to sudden death (t = 
2.00); Sokolow-Lyon index entered the Cox solu- 
tion for nonsudden CAD death but the association 
was inverse (t = —2.10). ST-T alterations were sig- 
nificantly associated only with nonsudden CAD 
death (t = 2.19). 

Thus, in addition to several known risk factors, 
measurement of 12-lead QRS voltage sum in mid- 
dle-aged men without clinical evidence of heart dis- 
ease may help identify subjects at an increased risk 
of sudden death; nonsudden CAD death is predicted 
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by Sokolow-Lyon index and by ST-T alterations. 
The usefulness of these indexes needs to be tested 
in different populations. 

(Am J Cardiol 1990;66:1181-1185) 


tricular (LV) hypertrophy!~* with increased car- 

diovascular mortality or sudden death, or both, 
has been investigated both from epidemiologic and clini- 
cal5-8 points of view. High voltage with’-!° or with- 
out>?!0 ST-T alterations was frequently considered. 
Although reports from Framingham indicate that in- 
creased QRS voltage alone does not provide indepen- 
dent risk of cardiovascular death, the reverse is true 
when the latter was combined with ST-T changes.’*® 
However, there is no published study in which sudden 
versus nonsudden fatalities were distinguished on the 
basis of voltage criteria of LV hypertrophy. 

This investigation was triggered by the potential use- 
fulness of a recently identified voltage index of LV hy- 
pertrophy* and targeted at discriminating sudden versus 
nonsudden death due to coronary artery disease (CAD). 
A comparison with 2 established indexes of LV hyper- 
trophy by electrocardiogram!-> was also performed. 


Te association of electrocardiographic left ven- 


METHODS 

Study population: The Seven Countries Study is an 
ongoing longitudinal investigation of the natural history, 
epidemiology and etiology of adult cardiovascular dis- 
eases in men from 7 countries, including Italy where 2 
cohorts were enrolled in 1960 (Crevalcore and Monte- 
giorgio, 2 agricultural districts, respectively, in North- 
ern and Central Italy); a third one (Italian Railroad co- 
hort) was added in 1962. 

The present analysis covered 2 of the 3 cohorts: 979 
from Crevalcore and 768 from the Italian Railroad co- 
hort, originally aged 40 to 61 years. The subjects from 
Crevalcore were examined in 1962 as part of an interim 
investigation to check the willingness of the initially en- 
rolled men to participate in follow-up visits. Only data 
from 2 cohorts were analyzed here since the 1962 elec- 
trocardiograms from Montegiorgio were missed. 

The methodologic details of this study are well 
known and have been extensively reported.° Collection 
of data included the recording of a resting electrocardio- 
gram in 12 classic leads and followed the standard 
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TABLE I Mean Values + Standard Deviations and Skewness 
Coefficients of the Study Variables 


Variable Mean + SD Skewness 
Age (yrs) 

Cholesterol (mg/dl) 
Smoking habit* 

Physical activity* 

Body mass index (kg/m?) 


5+2 
2+] 
26+4 
106+ 13 
74414 
26+8 
3048 
153233 
* Coded according to reference 6 as follows: Smoking habit—never smoked and 
ex-smokers = 3; smokers (cigarettes /day)—1 to 4 = 4, 5 to 9 = 5, 10 to 19 = 6, 20 
to 29 = 7, 30 or more = 8. Physical activity—sedentary = 1, moderate = 2, and 
heavy = 3. ST-7 alterations (Minnesota codes 4.1, 4.2 and 4.3 together with 5.1, 5.2 


and 5.3) were considered among the study variables: these were present in 31 (code 
1) and absent in 1,557 (code 0) subjects. 


Mean blood pressure (mm Hg) 
Heart rate (beats/min) 
Sokolow-Lyon index (mm) 

Modified Sokolow-Lyon index (mm) 
12-lead QRS voltage sum (mm) 


methods adopted and described by the Seven Countries 
Study. Mortality data were collected during 20 to 23 
years of follow-up. Deaths were coded according to the 
eighth revision of the International Classification of 
Diseases and then converted into the Seven Countries 
Study internal codes.° 

Study variables: Resting electrocardiograms, re- 
corded at entry, were reviewed in each subject. In addi- 
tion, age, serum cholesterol, mean blood pressure (cal- 
culated with the formula: mean blood pressure = dia- 
stolic blood pressure + 0.333 [systolic blood pressure — 
diastolic blood pressure]), smoking habit and physical 
activity (both coded as follows: smoking habit—never 
smoked and ex-smokers; smokers: 1 to 4, 5 to 9, 10 to 
19, 20 to 29, and 230 cigarettes/day; physical activi- 
ty—sedentary, moderate and heavy®), and body mass 
index (calculated by the formula: weight in kg/height in 
m?) were considered. Heart rate was measured from the 
electrocardiogram as 60 beats/RR interval. Each RR 
was a mean value of 25 consecutive beats. 

Moreover, in order to take into account ST-T abnor- 
malities, Minnesota codes 4.1, 4.2 and 4.3 along with 
5.1, 5.2 and 5.3 were included among the study vari- 
ables (coded as | or 0, when present or absent, respec- 
tively). Extrasystoles (Minnesota code 8.1) were treated 
similarly as a distinct covariate. 

The following electrocardiographic indexes of LV 
hypertrophy were calculated: (1) 12-lead QRS voltage 
sum*; (2) Sokolow-Lyon index!; and (3) modified Soko- 
low-Lyon index.” For these purposes, voltage (in milli- 
meters; 10 mm = 1 mV) of QRS in 12 standard leads, 
and of S wave in leads V; and V> and of R wave in 
leads V5 and Ve were calculated by 1 observer (ML) 
from measurements obtained manually in 5 consecutive 
complexes, to prevent respiratory influences. The fol- 
lowing definitions were used: (1) 12-lead QRS voltage 
sum: arithmetical sum of the 12-lead QRS voltages; (2) 
Sokolow-Lyon index: S wave in V, + the greater R- 
wave voltage in either leads V; or V6; (3) modified So- 
kolow-Lyon index: the greater S-wave voltage in either 
leads V; or V> + the greater R-wave voltage in either 
leads V5; or Ve. These indexes were treated as continu- 
ous variables. 
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The percentage technical error!! in the measureme 
of 12-lead QRS voltage sum was assessed by the san 
observer who recalculated voltages in 90 randomly s 
lected electrocardiograms. Percentage technical err 
was Calculated as: 2d2/.,/(2N — 1) where d = diffe 
ence between the values obtained from the 2 measur 
ments and N = 90. It was found to be equal to 0.29% | 
the mean. 

For the purpose of the present study and based < 
Seven Countries Study death codes,> 2 end points we 
defined: (1) sudden witnessed death (<2 hours), n 
67; and (2) nonsudden CAD death (nonsudden fat 
myocardial infarction + heart failure + chronic failu 
+ chronic arrhythmias attributed to CAD), n = 8 
The abovementioned 2 end points comprised all CA 
deaths observed in this study. Another 81 deaths o 
curred as the consequence of stroke and peripheral at. 
erosclerotic disease, and 345 persons died a noncardi 
vascular death. The 436 persons who experienced tl 
latter forms of death were considered as censored fi 
the purposes of this investigation. Also, censored pe 
sons were the 67 sudden and the 87 nonsudden deat] 
in the analysis of nonsudden and sudden death predi 
tion, respectively. 

Exclusion criteria: Of the total population, 159 we; 
excluded from the analysis: 99 because of 1 or mo 
missing data among those considered in this investig; 
tion, and 60 because of prevalence codes of heart di 
ease from those coded 00 to 10.5 

Statistical analysis: The analysis was performed u: 
ing BMDP programs! and an IBM 43/41 compute 
Mean values, standard deviations and skewness coeff 
cients were obtained for all variables considered. 

Age-adjusted death rates were calculated withi 
equinumeric quartiles (n = 397) of 12-lead QRS vol 
age sum, Sokolow-Lyon, and modified Sokolow-Lyo 
index values for each end point. The 95% confidenc 
limits were also computed. 

The Cox proportional-hazards model was used!2:' 
to select possible risk factors for the abovementioned 
end points. The assumed limits for significance to ente 
or to remove a term were p <0.05 and p >0.05, respec 
tively. 

The proportionality assumption, at least for the me 
jor already-recognized risk factor and for the electroca1 
diographic indexes, has been checked defining strata fo 
each independent variable and plotting for each stratur 
j, the In (—In S [ti;z]), where z is the mean of covariate 
as suggested by Kalbfleish and Prentice.'+ Except fo 
the first period of follow-up. when the number of event 
was small, the curves were seen to have approximatel 
constant differences over time, and then the proportion 
ality assumption holds. 


RESULTS 
Table I is a summary of mean values + standar 
deviations and skewness coefficients for all variable 
considered. All continuous variables were normally dis 
tributed (that is, they were not significantly skewed). 
Age-adjusted sudden and nonsudden CAD deat] 
rates within equinumeric quartiles of 12-lead QRS volt 








12-lead QRS voltage sum 
Sudden death 
Nonsudden death 
Sokolow-Lyon index 
Sudden death 
Nonsudden death 
Modified Sokolow-Lyon index 
Sudden death 3.5(1.7-5.3) 
Nonsudden death 8.6 (5.8—11.3) 
* p <0.02; t p <0.05 (z test between proportions: quartile | vs quartile IV). 


* p <0.005; $ p <0.05 (trend test in proportions). 
CAD = coronary artery disease; LV = left ventricular. 


3.0(1.3-4.7) 
8.1 (5.4-10.8) 


2.8(1.2-4.4) 
8.1 (5.4-10.8) 


age sum, Sokolow-Lyon, and modified Sokolow-Lyon 
index values are summarized in Table II. Upper and 
lower 95% confidence limits are also listed. This table 
offers the results of a bivariate analysis which enables 
quick inspection of overlapping intervals. Both the pro- 
portions and the 95% confidence limits show that 12- 
lead QRS voltage sum and Sokolow-Lyon index, but 
not the modified Sokolow-Lyon index, discriminate sud- 
den death in our population (z test between quartiles I 
and IV gives p <0.02 for both; significant chi-squares 
are also observed with the trend test in proportions). 
Table II also shows that the highest proportions for sud- 
den death of all 3 electrocardiographic indexes of LV 
hypertrophy are observed in quartile IV, whereas the 
highest proportions for nonsudden CAD death are seen 
in quartile I. 

The stepwise multivariate analysis was performed 
taking into account all covariates previously described. 
However, the low prevalence of ectopic beats (n = 7) 
prevented one from considering these latter into the Cox 
model. Table III provides the Cox proportional-hazards 
model solutions for the 2 end points considered in the 
study. The solution for sudden death comprised age, 
heart rate, mean blood pressure and 12-lead QRS volt- 
age sum, all of which had a positive coefficient. Age, 
mean blood pressure, smoking habit and ST-T alter- 
ations entered the nonsudden solution with a positive 
coefficient, whereas physical activity and Sokolow-Lyon 
index were present with a negative coefficient. In an 
attempt to verify the coefficient of ST-T alterations for 
the sudden death end point, all the covariates that were 
present in the final stepwise solution (Table III) and the 
covariate that coded ST-T alterations were forced into a 
Cox model. ST-T alterations showed a negative nonsig- 
nificant coefficient (—0.6738, t = —0.66). 


DISCUSSION 

Over 20 to 23 years of follow-up in a cohort of mid- 
dle-aged men without clinical evidence of heart disease 
at entry examination,» CAD-related sudden and non- 
sudden deaths were predicted by voltage criteria of LV 
hypertrophy: 12-lead QRS voltage sum appears to be an 
independent predictor of sudden death, whereas the So- 
kolow-Lyon index was inversely related to nonsudden 
death. This was true when these latter indexes were 





TABLE Il Age-Adjusted Sudden and Nonsudden CAD Death Rates (%) Within Equinumeric (n = 397) Quartiles of the Three 
Electrocardiographic Indexes of LV Hypertrophy and the 95% Confidence (Lower and Upper) Limits 


3.0 (1.34.7) 
3.8 (1.9-5.7) 


4.5 (2.5-6.5) 
3.8 (1.9-5.7) 


3.5 (1.7-5.3) 
3.5 (1.7-5.3) 





3.9 (1.9-5.7) 
4.8 (2.7-6.9) 


7.1 (4.6-9.6)*+ 
5.3 (3.1-7.5) 


3.3 (1.5-5.1) 
5.0 (2.8-7.1) 


6.3 (3.9-8.7)*§ 
9.1 (2.9-7.3) 


4.8(2.7-6.9) 
5.1 (2.9-7.3) 


5.1 (2.9-7.3) 
4.8 (2.7-6.9)t 





treated as continuous variables, and when age, mean 
blood pressure, heart rate, body mass index, cholesterol, 
physical activity, smoking habit and ST-T alterations 
were taken into account. The prognostic value of age, 
mean blood pressure, heart rate, smoking habit and 
physical activity has been deeply investigated and re- 
peatedly confirmed, and these variables represent stan- 
dard risk factors in cardiovascular epidemiology.5 15-20 
These covariates will not be addressed specifically in 
this discussion. 

Choice of electrocardiographic indexes of left ven- 
tricular hypertrophy: Autopsy, roentgenographic, angi- 
ographic or echocardiographic studies aimed at assess- 
ing the presence of LV hypertrophy concur that electro- 
cardiography may reflect anatomic hypertrophy of the 
left ventricle, but sensitivity and specificity depend on 
the type of electrocardiographic measurement tested 
and on the type of comparison chosen.!-421:22 Autopsy 
correlations with LV hypertrophy diagnosed by electro- 
cardiogram?~* seem to be the most reliable because the 
actual LV mass is taken into account. Roberts and Po- 
dolak* compared 18 electrocardiographic criteria of LV 


TABLE Ill Stepwise Cox Proportional-Hazards Model 
Solution for Either Sudden (n = 67) or Nonsudden (n = 87) 
CAD Death in 1,588 Persons 


Variable Coeff. SE Coeff. t Exponential 


Sudden Death 


0.0749 0.0236 3.17 1.0778 
0.0185 0.0084 2.21 1.0186 
0.0191 0.0092 2.07 1.0192 
0.0073 0.0037 2.00 1.0073 


Nonsudden Death 


0.0218 5.99 
0.0083 4.38 
0.0660 3.33 


0.1373 —3.05 
0.0150 2:10 
0.4696 2.19 


For t values more than 1.96 = p <0.05. 

Coeff. = coefficient; DF = degrees of freedom; HR = heart rate; MBP = mean blood 
pressure; Phys. ac. = physical activity; QRS = 12-lead QRS voltage sum; Smoke = 
smoking habit; Sok = Sokolow-Lyon index; ST-T = ST-T alterations (see Table |). 

DF = 4: global chi-square = 31.19 (sudden death). 

DF = 6: global chi-square = 83.91 (nonsudden death). 
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hypertrophy with autopsy results in 23 hearts weighing 
>1,000 g. The QRS voltage criterion that showed the 
highest sensitivity (94%) was the sum (>175 mm) of 
the voltage of the QRS complexes in all 12 standard 
leads. The Sokolow-Lyon index with the usual 35-mm 
upper limit was not a sensitive indicator of LV hypertro- 
phy (sensitivity 71%), whereas the modified Sokolew- 
Lyon index had a fairly good sensitivity (88%) in that 
study.’ All the abovementioned indexes of electrocardio- 
graphic LV hypertrophy represent measurable (quanti- 
tatively) voltage criteria. 

Left ventricular hypertrophy, high blood pressure, 
ST-T alterations and risk of cardiac fatalities: Rabkin,’ 
reviewing electrocardiographic abnormalities in appar- 
ently healthy men and the risk of dying suddenly, 
stressed that relative risk of sudden death varies from 
1.6 to 6.94 (univariately) when classic QRS voltage cri- 
teria, with or without ST-T changes, were taken into 
account as evidence of LV hypertrophy. However, it has 
been pointed out more recently that considering electro- 
cardiographic patterns indicative of LV hypertrophy 
has little effect in identifying subjects at risk for sudden 
unexpected death, multivariately, although it might be 
useful in persons with known CAD.”? Nonsudden fatali- 
ties were generally investigated among overall CAD 
mortality cases.” Voltage criteria of LV hypertrophy 
without ST-T alterations were unable to predict these 
events multivariately, when blood pressure was also con- 
sidered. 

The independent contribution of voltage criteria of 
LV hypertrophy or ST-T abnormalities, or both, con- 
sidered as separate covariates, also in the presence of 
blood pressure, was not explored in previous investiga- 
tions.’-?:?3 Our data suggest that voltage indexes of LV 
hypertrophy may predict coronary events, either sudden 
or nonsudden, independently from blood pressure. ST-T 
alterations do not contribute significantly to the predic- 
tion of sudden death, although nonsudden deaths are 
predicted, in conjunction with other well-known risk 
factors, by the Sokolow-Lyon index and by ST-T alter- 
ations. However, in previous investigations, dichotomic 
criteria of LV hypertrophy were adopted’* and this 
might explain, at least in part, differences from our 
study in which continuous variables were used for LV 
hypertrophy and mean blood pressure (Table III). 

Although voltage criteria of LV hypertrophy were 
useful to predict cardiac fatalities in our study, a strik- 
ing result was that 12-lead QRS voltage sum was posi- 
tively related to sudden death, whereas an inverse rela- 
tion existed between the Sokolow-Lyon index and non- 
sudden death. It is difficult to explain the reason for this 
latter inverse relation. We therefore compared mean 
values of the study variables in quartiles of the 3 LV 
hypertrophy indexes. In persons who die suddenly, body 
mass index was lower in quartile IV than in quartile I, 
for Sokolow-Lyon (p <0.02) and modified Sokelow- 
Lyon (p <0.01) indexes; mean blood pressure and cho- 
lesterol were higher for modified Sokolow-Lyon index 
(p <0.05 and 0.02, respectively), mean blood pressure 
was higher (p <0.001) and smoke was lower (p <0.02) 
for 12-lead QRS voltage sum. In persons who died a 
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nonsudden CAD death, body mass index was lower in 
quartile IV than in quartile I (p <0.05) for both Soko- 
low-Lyon and 12-lead QRS voltage sum. Moreover, be- 
cause the negative coefficient of the Sokolow-Lyon in- 
dex shown in Table III might be due to the U-shapec 
distribution of the risk for nonsudden death carried by 
such index (Table II), quadratic terms for both body 
mass and Sokolow-Lyon indexes were entered into a 
Cox model: preliminary evidence of true curvilinearity 
for the Sokolow-Lyon index was obtained. On the other 
hand, because of the very long follow-up of the study, 
there might have been a competition of risks*+> for 
sudden versus nonsudden CAD death of high versus low 
voltages. However, when assessing the rates of sudder 
and nonsudden death at 5, 10, 15, 20 and more than 2C 
years of follow-up, 9, 34, 64, 90, 100% and 10, 24, 59. 
91 and 100% were seen, respectively, thus indicating 
that the distribution of deaths during the follow-up is 
similar for both end points. 

Although we were able to discriminate between sud- 
den and nonsudden death in middle-aged men, based or 
voltage criteria of LV hypertrophy, it appears that nc 
clear-cut explanation for this observation comes from 
the study. Thus, it remains for further studies, whict 
might be triggered by the evidence that is presentec 
here, first to confirm and second to try to explain oui 
results. 
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Videodensitometry Versus Digital Calipers for 
Quantitative Coronary Angiography 


Hendrik du T. Theron, BM, BCh, MMed, Charles R. Lambert, MD, PhD, and Carl J. Pepine, MD 


Single-plane left coronary angiograms in 18 pa- 
tients were prospectively analyzed using videoden- 
sitometry (XR-70 system) and handheld digital cali- 
pers to compare arterial dimensions, stenosis di- 
mensions, intraobserver variability and inter- 
observer variability for the methods. A total of 648 
arterial segments were measured, yielding a highly 
significant correlation between videodensitometry 
and caliper-determined cross-sectional area (r = 
0.96, p = 0.0001). Similarly, a highly significant 
linear relation was observed between videodensi- 
tometry and caliper-determined diameter (r = 0.95, 
p = 0.0001). When data subsets for small, medium 
and large arterial segments were examined, higher 
variability in the correlation between videodensi- 
tometry and caliper-determined area was observed 
in the large segments (>10 mmĉ). In addition, cali- 
per-estimated areas tended to be slightly smaller 
than videodensitometry-estimated areas in these 
segments. For diameter estimations, correlations 
between caliper and videodensitometry data were 
similar for the entire range of arterial segment 
sizes. Intra- and interobserver variability was low 
for both caliper and videodensitometry determina- 
tion of diameter or area. Thus, over a wide range of 
arterial dimensions, results obtained with caliper 
estimates of luminal area and diameter are compa- 
rable to those obtained with videodensitometry us- 
ing the XR-70 system. 

(Am J Cardiol 1990;66:1186-1190) 


From the Divisiens of Cardiology, University of Florida, Gainesville, 
Florida, and University of South Alabama, Mobile, Alabama. Dr. 
Theron is a Research Fellow supported by the South African Medical 
Research Council, Bloemfontein, South Africa. Dr. Lambert occupies 
the Abraham Mitchell Chair in Invasive Cardiology, University of 
South Alabama. Manuscript received April 27, 1990; revised manu- 
script received and accepted July 9, 1990. 

Address for reprints: C. R. Lambert, MD, PhD, Division of Cardi- 
ology, University of South Alabama Medical Center, 2451 Fillingim 
Street, Mobile, Alabama 36617. 


1186 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


coronary angiographic analysis that obviates the 

need for manual or computer-assisted edge defi- 
nition.' Although many practical limitations exist for 
application of videodensitometry to long coronary artery 
segments, a system has been developed that uses video- 
densitometry to measure arterial dimensions at discrete 
points along the length of a vessel.* This system (XR- 
70) has been validated using phantoms and postmortem 
specimens and has been found to be more accurate and 
reproducible than caliper measurements in determina- 
tion of percentage stenosis. Although these validation 
studies established the accuracy and reproducibility of 
this videodensitometric technique using phantoms, no 
comparative data have been reported to establish the 
relation of measurements made with the XR-70 system 
and digital calipers when quantifying routine clinical 
cineangiograms. The objectives of the current study 
were to compare arterial dimensions, stenosis dimen- 
sions, intraobserver variability and interobserver vari- 
ability from cineangiogram analysis using a handheld 
digital caliper versus the XR-70 videodensitometric sys- 
tem. 


y Jideodensitometry offers a method of quantitative 


METHODS 

Left coronary angiograms from 18 patients undergo- 
ing elective cardiac catheterization for evaluation of 
chest pain were prospectively analyzed. Cardiac cathe- 
terization was performed using the standard Judkins 
technique, Omnipaque 350 contrast medium, a 6-inch 
image intensifier and 30 frame/s filming rate. Coronary 
angiographic catheters were 7Fr and injections were 
made by hand. Left coronary angiograms recorded in 
the 10° to 30° right anterior oblique, 10° to 30° caudal 
projection were used for analysis. After the initial 
angiogram, serial doses of intracoronary nitroglycerin 
were administered (5, 50 and 150 ug). After each dose 
(1 minute) another angiogram was recorded, for a total 
of 4/patient. Cine frames judged optimal for analysis 
were selected from end-diastolic or neighboring frames 
that showed the vessel segments of interest to be opti- 
mally opacified and free from overlap of side branches. 
For each angiogram, segments from the left main, prox- 
imal mid- and distal left anterior descending, as well as 
from the proximal mid- and distal circumflex or obtuse 
marginal coronary arteries, were measured. 

Videodensitometric analysis: Videodensitometric 
analysis was performed with an XR-70 coronary ana- 
lyzer (Vanguard Instruments Corporation, Melville, 
New York) in a manner similar to that previously de- 
scribed.2> The XR-70 system uses a film projector 


TABLE I Statistical Data for Comparison of Videodensitometry- and Caliper-Determined Areas and Diameters 


Data Subset Covariance 


All area data 
0-5 mm? 
5-10 mm? 
>10 mm? 

All diameter data 
0-1.5 mm 
1.5-2.5 mm 
>2.5 mm 


Statistics are for the linear regression model: 
Caliper Determined Value = M (Videodensitometry Determined Value) + B. 


Pb = p value for slope of linear regression; Pf = p value for analysis of variance F test; R = Pearson's product-moment correlation coefficient; SEE = standard error of estimate for 


slope. 


(model XR-35, Vanguard Instruments Corporation) 
and a Panasonic W.V. 1500 videocamera to acquire 
densitometric information. Cine frames from the 35- 
mm film were digitized by means of a dedicated micro- 
processor into a 512 X 512 pixel matrix with 256 gray 
level resolution and analyzed after twofold magnifica- 
tion. Calibration was achieved by detection of the outer 
boundaries of the catheter. Geometric area and diame- 
ter as well as percent diameter stenosis and area stenosis 
were computed assuming circular cross sections as pre- 
viously detailed.” 

Caliper analysis: Caliper measurements were per- 
formed with a handheld digital caliper (MAX Series 
Electronic Digital Caliper, Fowler and NSK). This de- 
vice consists of a rotary encoder and a rack-and-pinion 
vernier caliper body. Coronary segment diameter was 
measured directly from the screen of the Vanguard XR- 
35 projector. The diameter of the catheter was taken as 
a reference point for calibration. Particular care was 
taken to ensure that the measurements with the calipers 
and videodensitometer were taken from exactly the 
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same vessel segments as well as from the same cine 
frames. Coronary artery area was later calculated from 
measured vessel diameter assuming circular geometry. 

Statistical analysis: The relation between videoden- 
sitometric area and caliper-determined area as well as 
caliper diameter and videodensitometric diameter were 
characterized by linear regression, analysis of variance 
and covariance. Intra- and interobserver variability were 
established by a repeated analysis of 10 stenotic and 40 
normal segments performed 4 weeks later by the origi- 
nal observer and 2 independent observers who were 
blinded to their original measurements. Reproducibility 
was measured by linear regression analysis of the blind- 
ed observations. 


RESULTS 

The study population included 18 men aged 40 to 76 
years (mean 59). A total of 162 coronary segments were 
studied (144 nonstenotic and 18 stenotic segments) to 
comprise a total of 648 measurements. The relation be- 
tween videodensitometry- and caliper-determined areas 


Y = 1.011X+0.085 
P<0.0001 


Caliper Determined Diameter 


1, AS? 25" 3.38 <4) ae N 
Videodensitometry Determined Diameter 





FIGURE 1. Relation between area (A) and diameter (B) determined by videodensitometry and caliper methods as described in 
the text; 95% confidence limits for the slope of the regression line are shown. 
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is shown in Figure 1. A highly significant correlation 
was observed between the area determinations with nar- 
row confidence bands. Pertinent regression, analysis of 
variance and covariance parameters are listed in Table 
I. 

The relation between videodensitometry- and cali- 
per-determined diameters is also shown in Figure 1. 
Again, a highly significant correlation with narrow con- 
fidence bands was observed (Table I). If observations 
are divided by videodensitometric area into small (0 to 5 
mm2), medium (5 to 10 mm?) and large (>10 mm?) 
arteries, the relation between videodensitometry- and 
caliper-determined areas becomes more variable. These 
findings are shown in Figure 2 and corresponding statis- 
tical data are included in Table I. Correlation between 
videodensitometry and caliper measurements of vessel 
area is closer in smaller arteries than in larger ones. In 
addition, the slope of the relation between videodensi- 
tometry- and caliper-determined areas decreases as ar- 
terial size increases. In the range of 0 to 10 mm? the 
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slope of the relation between videodensitometric and 
caliper areas is slightly >1, whereas in arteries >10 
mm? the slope is <1 with a larger Y intercept. A similar 
analysis of diameter data is presented in Figure 3. Vari- 
ability in the relation between videodensitometry- versus 
caliper-determined diameter is similar to that for area 
data. Unlike correlations for area data, correlations for 
videodensitometry and caliper diameter values show a 
similar value for small (0 to 1.5 mm), medium (1.5 to 
2.5 mm) and large (>2.5 mm) segments. 

The results of interobserver variability analysis are 
presented in Figures 4 and 5. Multiple observations by 3 
operators of videodensitometric and caliper estimates of 
luminal area and diameter did not yield coefficients of 
correlation under r? = 0.856. There was no significant 
difference in correlation between the 2 methods for esti- 
mation of luminal area and diameter. Intraobserver 
variability data shown in Figure 6 demonstrate a high 
degree of reproducibility for both videodensitometric 
and caliper analysis of luminal area and diameter. 


Y=0.683X+4.713 
P<0.0001 
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FIGURE 2. Relation between videodensitometry-determined area and caliper-determined area for small, intermediate and larger 
vessel segments. 
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Y=0.878X+0.491 
P<0.0001 





FIGURE 3. Relation between videodensitometry-determined diameter and caliper-determined diameter for small, intermediate 
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Videodensitometric Area 
y = 8.1222e-2 + 0.99244x R^2 = 0.935 = - 0.23196 + 1.1048x R^2 = 0.897 = - 0.12200 + 1.0614x R^2 = 0.872 
Observer 2 Observer 3 Observer 3 


Observer 1 |@ . | 3] Observer 2 


Caliper Area 
y = 0.51298 + 0.90625x R^2 = 0.856 y = 0.16079 + 1.0198x R^2 = 0.925 y = 6.6609e-2 + 1.0069x R^2 = 0.865 
Observer 3 


Observer 1| & 





. A ta 4 

FIGURE 4. Interobserver variability data for area measurements by caliper and videodensitometric methods as described in the oe 
text. i 
Videodensitometric Diameter 4 

y = 0.15201 + 0.93504x R°2=0.927 y= - 1.4743e-2 + 1.0228x R^2=0.932 y= -4.8898e-2+1.0277x R42 = 0.887 3 

Observer 2 Ot] Observer 3 A 


Observer 1 i 


Caliper Diameter 
y = 0.14405 + 0.95144x R^2 = 0.904 y = 1.7187e-2 + 1.0203x R^2 = 0.919 y = 5.0225e-3 + 1.0053x R^2 = 0.893 Pa 
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FIGURE 5. Interobserver variability data for diameter measurements by caliper and videodensitometric methods as described in 
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FIGURE 6. Intraobserver variability data for caliper and videodensitometric techniques as described in the text. 
DISCUSSION caliper method. In small arteries and stenoses, caliper- 


The major findings of the current study are: (1) 
there is a highly significant correlation between hand- 
held caliper and computer-assisted videodensitometric 
estimates of coronary luminal area and diameter made 
with the XR-70 system; and (2) intra- and interobserver 
variability with both methods is acceptably low. Since 
the videodensitometric method used herein has been 
previously validated using phantoms,* agreements be- 
tween caliper and videodensitometric data in this study 
provide indirect evidence for the validity of caliper-de- 
termined dimensions in other investigations. Scoblionko 
et alt reported that measurements of percent stenosis 
made by digital electronic calipers and the computer- 
ized quantitative method described by Brown et al? did 
not differ significantly; however, both of those methods 
require manual edge detection. In the present study we 
compared a method dependent on manual edge detec- 
tion (calipers) with an independent method (videodensi- 
tometry). In another preliminary report,° the correlation 
between quantitative computerized arteriography and 
caliper estimates of percent stenosis was also found to 
be good (r = 0.86, standard error of the estimate = 
8.3%). However, in both of these studies, the investiga- 
tors did not report on the correlation for luminal area. 

The excellent correlation between caliper and video- 
densitometric measurements existed over a wide range 
of arterial calibers. When data for arteries of different 
calibers are considered separately, in large coronary 
arteries, diameter and area were slightly lower by the 
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determined area values tended to be slightly higher than 
those by videodensitometry, whereas the converse was 
true for diameter estimates. Other investigators® have 
shown an overestimation of stenosis diameter by the cal- 
iper method when compared to an automated digital 
quantitation technique. Because the actual dimensions 
of the coronary arteries in the current study are un- 
known, further meaningful analyses regarding the accu- 
racy of caliper and videodensitometric measurements 
are not possible. 
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NUCLEAR CARDIOLOGIST 


Eight-physician private consulting cardiology group seek BC/BE 
cardiologist. Position available immediately, Jan 91 or July 91. 
Active 500-bed referral hospital with very active EP, invasive, re- 
hab and surgical programs. Clinica’ faculty position with medical 
school. Want clinically oriented individual with expertise in nuclear 
cardiology to run nuclear lab and other clinical responsibilities as 
desired. Excellert salary, benefits with early full partnership. For- 
ward CV to Research Medical Tower Building, T-509, 6420 Pros- 
pect Ave., Kansas City, MO 64132. 


NONINVASIVE CARDIOLOGIST BC/BE—CLINICAL 
CARDIOLOGY. TO JOIN INVASIVE/NONINVASIVE BC 
AFRO-AMERICAN CARDIOLOGIST. WASHINGTON D.C. 
PO BOX 56195, WASHINGTON, D.C. 20011. 










SECTION CHIEF, CARDIOLOGY 
WESTERN NEW YORK 


Excellent opportunity to lead cardiology services for well-re- 
garded healthcare system which includes a major tertiary care 
teaching hospital. System is affiliated with prestigious medical 
school and offers postgraduate medical education in Internal 
Medicine and Cardiovascular Disease. Facility performs 500 
open heart procedures and 2500 catheterizations per year and 
offers non-invasive and cardiac rehabilitation services. Quali- 
fied candidates will possess strong academic background and 
have interest in developing research activities. For further in- 
formation contact: Jeanne Dowrick, Fulton, Longshore and As- 
sociates, Inc., 527 Plymouth Road, Plymouth Meeting, PA 
19462: telephone (800) 346-8397 or (215) 834-6780. 





Division of Cardiology 


Major 515-bed voluntary teaching hospital located in the landmark 
Park Slope area seeks a Chief of our Division of Cardiology. 


The candidate should be board certified in Cardiology and possess 


finite skills in all aspects of invasive and non-invasive cardiology. 


Under the direction of the Director of Medicine, the Chief of 
Cardiology will be responsible for teaching and supervising fellows, 
residents, staff and other health care personnel in the theory and 
practice of cardiology, participating in all areas of Quality Assurance 
and in our Cardiology Clinic, serving as an Attending on the General 


and Private medical services, and other activities as requested. 


The individual must qualify for 2 faculty position at SUNY-HSC 
at Brooklyn. 


We offer a competitive salary and comprehensive benefits 
package. Please send CV with salary requirements to: 
Bruce W. Trotman, M.D., Director, Department of 
Medicine, THE METHODIST HOSPITAL, 506 Sixth 
Street, Brooklyn, NY 11215-9008. Equal Oppor- 
tunity Employer M/F. 
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will stick with 


TRANSDERM-NITRO 
0.2 MG/HR 


Apart from all other nitrates, patients stick with the Transderm-Nitro regimen. 
£ 
Simple, once-daily patch application 
w 


Patient-preferred 7 to 1 for convenience compared with oral nitrates 
(12% had no preference, n=4,300)' 


Easy-to-handle nonadhesive tab 


See revised Dosage and Administration section in brief 
summary of Prescribing Information on the following page. 


All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA. 








Transderm-Nitro v` Summit Pharmaceuticals 
nitroglyceri 0.1 mg/hr, 0.2 mg/hr, 0.4 mg/hr, 0.6 mg/hr* 
At the heart of nitrate compliance 








e The only patch with 


0.1 mg/hr... 
an easy-open tab 


Formerly designated as 2.5 mg/24 hr 


Easy to apply — 
Easy to remove 


Available in four 
convenient strengths 


Patches shown are not 
actual size. 


Transderm-Nitro® 
nitroglycerin 
Transdermal Therapeutic System 


Revised Dosage Information 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antiangine! effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuaus (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility øf increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 


CONTRAINDICATIONS 

Allergic reactions to organic nitrates are extremely rare, but they do 
occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been reported, and it similarly constitutes a contraindication to the 
use of this product. 


WARNINGS 

The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/defibrillator should not be discharged through a 
paddle electrode that overlies a Transderm-Nitro patch. The arcing 
that may be seen in this situation is harmless in itself, but it may be 
associated with local current concentration that can cause damage 
to the paddles and burns to the patient. 


PRECAUTIONS 

General 

Severe hypotension, particularly with upnght posture, may occur 
with even small doses of nitroglycerin. Tuis drug should therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hypotension 
induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris 

Nitrate therapy may aggravate the angima caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of sublingual nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

In industrial workers who have had lonc-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
Clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during ampon withdrawal of 
nitrates trom these workers, demonstrating the existence of true 
physical dependence. 

Several clinical trials in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal-attacks during the nitrate-free interval was 
observed in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 
nitrate-free interval. Hemodynamic rebound has been observed 
only rarely; on the other hand, few studies were so designed that 
rebound, if it had occurred,would have been detected. The 
importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 

Information for Patients 

Daily headaches sometimes accompany treatment with nitroglyc- 
erin. In patients who get these headaches, the headaches may be a 
marker of the activity of the drug. Patients should resist the 
temptation to avoid headaches by altering the schedule of their 
treatment with nitroglycerin, since loss of headache may be 
associated with simultaneous loss of antianginal at 

Treatment with nitroglycerin may be associated with |i 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol 





ghtheaded- 





0.2 mg/ hr. 
Formerly designated as 5 mg/24 hr 





0.4 mg/hr... 


Formerly designated as 10 mg/24 hr 





0.6 mg/hr.. 
Formerly designated as 15 mg/24 hr 





After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 

ts. 

A patient leaflet is supplied with the systems. 

Drug Interactions 

The vasoditating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, impairment of Fertility 
No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin’s effect upon 
reproductive capacity is similarly unknown. 

ncy Category C 
Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal harm when administered te a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed 
rsing Mothers 
It is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin’s activity 
as a vasodilator. Headache, which may be severe, i$ the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness, occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
therapy. Syncope, crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 

Application-site irritation may occur but is rarely severe. 

In two placebo-controlled trials of intermittent shore with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 
Hemodynamic Effects 


The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbin 
headache, confusion, and moderate fever; vertigo; palpitations; 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea); syncope (especially in the upright posture); 
air hunger and fh prt later followed by reduced ventilatory effort: 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not le available, and such determinations 
have in any event, no established rale in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (e.g. 
maneuvers to change the pH of the urine) that might accelerate 
elimination of cage Rog and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of ee 
is known, and no intervention has been subject to controlled study 
as a therapy of nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of norma! saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required 


Methemoglobinemia 

Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 
cytochrome bs reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of nitroglycerin should be 
required before any of these patients manifests clinically significant 
| = 10%) methemoglobinemia. In patients with normal reductase 
unction, significant production of methemoglobin should require 
even larger doses of nitroglycerin. In one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 

4 4 mg/hr, the average methemoglobin level measured was 0.2%; 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 

Methemoglobin levels are available from most clinical laborato- 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired ogen delivery despite adequate cardiac output 
and adequate arteria! p05. Classically, methemoglobinemic blood is 
described as chocolate brown, without color change on exposure to 
air 

When methemoglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The —— starting dose is between 0.2 mg/hr*, and 

0.4 mgvhr*. Doses between 0.4 mg/hr* and 0.8 mg/hr* have 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administra- 
tion. Although the minimum nitrate-free interval has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see INDICATIONS AND USAGE). Thus, an appropriate 
dosing schedule for eh = tee patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness when 
patches are worn paip m the large majority of such 
controlled trials have shown the development of tolerance (i.e. , 
complete loss of effect) witnin the first 24 hours after therapy was 
initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 


PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton 


HOW SUPPLIED 

Total 

Nitro- 

glycerin 
Transderm- in System Carton 
Nitro System* System Size Size 


0.1 mg/hr  12.5mg 5cm? 30 Systems.. 
**30 Systems... 
**100 Systems... 

10 cm2 30 Systems... 
**30 Systems... 
**100 Systems... 

50mg 20cm2 30 Systems... 

**30 Systems... 
**100 Systems... 
75mg 30cm2 30 Systems... 


NDC 57267-902-26 
NDC 57267-902-42 
NDC 57267-902-30 


0.2 mg/hr 25mg 


NDC 57267-910-26 
NDC 57267-910-42 
NDC 57267-910-30 
NDC 57267-915-26 

**30 Systems...NDC 57267-915-42 
**100 Systems...NDC 57267-915-30 


** Institutional Pack 


“Rated release in vivo. Release rates were formerly described in 
terms of drug delivered per 24 hours. In these terms, the supplied 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr), 5 mg/24 hr (0.2 mg/hr), 10 mg/24 hr (0.4 mg/hr), 
and 15 mg/24 hr (0.6 mg/hr) 


Do not store above 86°F (30°C) 


0.4 mg/hr 


0.6 mg/hr 


Summit Pharmaceuticals 


Dist. by: 
ah OENE Printed in U.S.A. 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 C89-46 (Rev. 10/89) 
Reterences: 

_ Brady EM, Gold OG, Rosenbach HJ. soho ry efficacy of 
transdermal nitroglycerin and oral nitrates: The ACTION Study. 


Cardiovasc Rev Rep. October 1988: 40-44 


Frequency of Myocardial Indium-111 Antimyosin 
Uptake After Uncomplicated Coronary 
Artery Bypass Grafting 


Bob van Vlies, MD, Eric A. van Royen, MD, Cees A. Visser, MD, Nico G. Meyne, MD, 
Monique M. G. van Buul, MD, Ron J. G. Peters, MD, and Arend J. Dunning, MD 


The reported incidence of myocardial damage after 
coronary artery bypass grafting (CABG) is highly 
related to the methods used. Since indium-111 
monoclonal antimyosin antibody scintigraphy has 
been shown to be highly specific and sensitive for 
myocardial necrosis, even in small lesions, uptake 
of this radiotracer was evaluated after CABG. In 
23 consecutive patients without previous myocardi- 
al infarction who underwent CABG for stable angi- 
na, 80 MBq indium-111 antimyosin was injected 
on the third postoperative day. Planar images were 
obtained 48 hours later and analyzed for myocardi- 
al uptake of indium-111 antimyosin. Scintigraphic 
results were related to creatine kinase MB levels, 
duration of both aortic cross-clamping and cardio- 
pulmonary bypass, and electrocardiographic 
changes. In all patients surgical procedure and 
postoperative course was uncomplicated. Indium- 
111 antimyosin uptake was present in 19 of 23 pa- 
tients (82%). It was diffused in 7 patients and lo- 
calized in 12. No pathologic Q waves occurred 
postoperatively. Fourteen patients exhibited ST- 
segment changes. No good relation was found 
among indium-111 antimyosin uptake and creatine 
kinase MB levels, duration of cross-clamping or by- 
pass, and ST-T changes. It is concluded that some 
degree of myocardial damage, though silent, is 
common after CABG. 

(Am J Cardiol 1990;66:1191-1195) 


From the Departments of Cardiology, Nuclear Medicine and Thoracic 


Surgery, Academic Medical Center, Amsterdam, the Netherlands. 
This study was presented at the 39th annual meeting of the American 
College of Cardiology, March 1990, New Orleans, Louisiana. Manu- 
script received April 9, 1990; revised manuscript received and accepted 
July 10, 1990. 

Address for reprints: Bob van Vlies, MD, Department of Cardiolo- 
gy, Academic Medical Center, Meibergdreef 9, 1105 AZ Amsterdam, 
The Netherlands. 


shown to be an effective treatment in relieving 

symptoms caused by myocardial ischemia.' Im- 
proved surgical skills, anesthesiologic techniques and 
myocardial protection, all aimed at preventing myocar- 
dial injury, have enhanced outcome.’ Nevertheless, 
myocardial damage after CABG is not infrequent.*-* 
The amount of damage appeared to be an important 
determinant for postoperative mortality and morbid- 
ity. The incidence of perioperative myocardial infarc- 
tion has been reported to range from about 5 to >40%. 
This range is due to differences in diagnostic procedures 
and diverging reference values. Routinely used tests for 
diagnosing acute myocardial infarction, enzyme mea- 
surements and electrocardiography have—in this re- 
spect—proved to be of limited value.* In a postmortem 
study, subendocardial contraction band necrosis, a re- 
sult of reperfusion injury, was demonstrated in regions 
with well-functioning bypass grafts in >80% of pa- 
tients.’ Recently Weisel et al? demonstrated myocardial 
membrane damage after cardioplegia due to free oxy- 
gen-derived radicals. 

Indium-111 antimyosin scintigraphy has proved to 
be highly specific for myocardial necrosis,’ and local- 
ized uptake of this monoclonal antibody has been dem- 
onstrated even in small and nontransmural myocardial 
lesions.'° Therefore, the present study was undertaken 
to investigate the uptake of this radiopharmaceutic as a 
measure of myocardial damage in patients after uncom- 
plicated CABG. 


(sion artery bypass grafting (CABG) has been 


METHODS 

Patient selection and surgical procedure: The study 
group consisted of 23 consecutive patients, 18 men and 
5 women, mean age 60.6 years. All patients underwent 
elective CABG for stable angina (New York Heart As- 
sociation class III). None of the patients had a history 
of myocardial infarction, congestive heart failure or car- 
diac surgery. Three-vessel disease was documented in 
16 patients, 2-vessel disease in 5 and 1-vessel disease in 
2. Informed consent was given according to the criteria 
of the institutional ethics committee, which had ap- 
proved the study. 

During surgery all patients were subject to routine 
anesthesiologic and monitoring procedures. During car- 
diopulmonary bypass St. Thomas’ cardioplegic solution 
was used in combination with systemic hypothermia 
(27° C). An average of 3.9 + 1.5 vessels was grafted. 
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TABLE I Summary of Individual Patient Data 


CPB 
(min) 


ACC 
(min) 


CKMB ST 
(IU /I) Change 


No. No. 
Pts. Grafts 


Antimyosin 
Uptake 


diffuse 
localized 
diffuse 
negative 
localized 
localized 
localized 
negative 
localized 
negative 
diffuse 
localized 
localized 
diffuse 
negative 
localized 
diffuse 
localized 
localized 
localized 
diffuse 
localized 
diffuse 


ACC = aortic cross-clamping; CK MB = creatine kinase MB; CPB = cardiopulmo- 
nary bypass; ST = ST-segment; + = present; — = absent. 
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Mean aortic cross-clamp time was 51 + 19 minutes; 
bypass time was 88 + 27 minutes. 

Biochemical and electrocardiographic measure- 
ments: Initial blood samples for creatine kinase MB 
measurement were taken postoperatively at 6-hour in- 
tervals during 24 hours, or longer, when values were still 
increasing. The normal laboratory level for creatine ki- 
nase MB is <4 IU/liter. At our institution a value of 70 
IU/liter is arbitrarily used as the upper normal limit in 
patients after cardiac surgery. Electrocardiograms were 
obtained the day before imaging and evaluated for the 
presence of Q waves with a duration of 20.04 second or 
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for changes of the ST-segment or T wave compared 
with preoperative registrations. 

indium-111 antimyosin administration and imag- 
ing: For the antimyosin studies, a murine monoclonal 
antibody Fab fragment (Myoscint”, Centocor Europe) 
was used. Eighty MBq of indium-111 was added to a 
single vial containing 2 ml of antimyosin-Fab-DTPA 
preparation in citrate buffer. The labeling efficiency 
was >95%. 

Indium-111 antimyosin was injected intravenously 
on the third day after surgery. All drain systems had 
been removed =24 hours earlier without signs of ongo- 
ing pericardial leakage. 

Planar images were obtained after 48 hours in the 
anterior and 45° left anterior oblique position. A Gener- 
al Electric Maxi 400 large-field-of-view gamma camera 
was used, fitted with a medium energy collimator. A 
20% energy window was set to the 170 and 247 keV 
photon peak. Analog and digital images for each view 
were acquired for a 10-minute period, using a 128 X 
128 matrix for the latter. All studies were assessed by 2 
experienced investigators unaware of clinical and bio- 
chemical data. When present, myocardial uptake was 
defined as localized or diffuse. 

Statistical analysis: Al] data are expressed as mean 
+ | standard deviation. Student ¢ tests are used to ana- 
lyze differences between groups. A p value <0.05 was 
considered significant. 


RESULTS 

Clinical characteristics: Complications during the 
postoperative course occurred in only 1 patient, who had 
sternal infection. In all other patients clinical course was 
uneventful. 

The mean creatine kinase MB isoenzyme level was 
41 + 32 [U/liter (range 12 to 145). In 19 patients a 
peak value <70 IU/liter was present, whereas 4 pa- 
tients had a peak value >70 [U/liter. 


FIGURE 1. Two indium-111 
antimyosin scintigrams (left 
anterior oblique view) ob- 
tained on the fifth postopera- 
tive day after injection on the 
third day. Right panel shows 
localized posterior uptake. 
Left panel shows diffuse 
myocardial uptake. L = liver; 
MY = myocardium; S = ster- 
num. 


In none of the patients did pathologic Q waves ap- 
pear on the electrocardiogram after surgery. In 14 pa- 
tients ST-segment or T-wave changes were present (in- 
dividual data are listed in Table I). 

Indium-111 antimyosin scintigraphy: No side ef- 
fects were noticed after injection of indium-111 anti- 
myosin. Images could be obtained in all 23 patients. In 
19 patients (82%) myocardial uptake of indium-111 an- 
timyosin was demonstrated (Figure 1); uptake was lo- 
calized in 12 patients and diffuse in 7. In 4 patients no 
uptake was found. All but 1 of these 4 patients had a 
creatine phosphokinase MB peak value of <70 IU//liter, 
the postoperative upper normal limit. Only in 3 of the 
19 patients with myocardial uptake did creatine kinase 
MB value exceed the level of 70 I[U/liter. In the other 
16 patients creatine kinase MB value was above the lab- 
oratory normal limit, but <70 IU/liter. There was no 
good relation between the type of antimyosin uptake 
(negative, local or diffuse) and creatine kinase MB lev- 
els (Figure 2). Electrocardiographic changes involving 
the ST-segment or T wave occurred in all 3 groups. 
Again, no differences between patients with local up- 
take versus patients with diffuse uptake were found 
(Figure 3). 

There proved to be no good relation between aorta 
cross-clamp time (43 + 8, 58 + 28, 51 + 13 minutes) or 
duration of cardiopulmonary bypass (80 + 3, 93 + 35, 
89 + 26 minutes) and degree of indium-111 antimyosin 


CK-MB vs. IN-111 ANTIMYOSIN UPTAKE 











uptake (Figures 4 and 5). Mean values did not differ 
significantly. 

Indium-111 antimyosin uptake was present in the 2 
patients with l-vessel disease and in 17 of 21 patients 
with multivessel disease. Localized uptake was consis- 
tently situated in grafted areas. 


DISCUSSION 

Since myocardial injury is a major prognostic deter- 
minant after cardiac surgery, data on its incidence and 
extent may be important. However, controversy exists 
regarding the frequency and clinical implications of 
postoperative myocardial infarction. The incidence 
highly depends on the selection of patients and the tech- 
niques used to measure myocardial damage. Further- 
more, several preoperative factors may predispose to 
postoperative myocardial infarction, such as recent in- 
farction, depressed left ventricular function, extent of 
coronary artery disease and unstable angina.!! The 
changing profile of patients undergoing CABG—that 
is, increasing emergency procedures, patients with un- 
stable angina, CABG in the elderly, combined proce- 
dures—increases the risk.!* Finally, anesthesia-related 
problems, inadequate myocardial protection and a long 
duration of both aorta cross-clamping and cardiopulmo- 
nary bypass may also contribute to myocardial injury.!? 
The assessment of the presence and magnitude of myo- 
cardial necrosis after CABG is difficult. Mechanisms of 
onset, clinical presentation and even ultrastructural 
characteristics of postoperative myocardial damage dif- 
fer from the classic type of myocardial infarction.!+ This 
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FIGURE 3. Number of patients with presence or absence of 
ST-segment or T wave (STT) changes. ST-T changes occurred 
FIGURE 2. Relation between creatine kinase MB (CK MB) in all groups. No difference was present when patients with 
levels and degree of indium-111 (IN-111) antimyosin uptake. diffuse or local uptake of indium-111 antimyosin were com- 
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difference may complicate the interpretation of routine 
diagnostic tests. Furthermore, methodologic differences 
in various studies, although using the same test, compli- 
cate the comparison of results. Routine tests, such as 
enzyme measurements and electrocardiography, give 
rise to diverging and unsatisfying results. Postoperative 
myocardial infarction is diagnosed in about 5% of pa- 
tients when the appearance of new Q waves is used, 
whereas the number goes up to 40% when ST-segment 
changes are taken into account.'> The presence of new 
Q waves is strongly related to postoperative myocardial 
infarction, but their absence will underestimate the inci- 
dence of small, especially subendocardial lesions. Cre- 
atine kinase MB isoenzymes, the gold standard for the 
diagnosis of myocardial infarction, are elevated in al- 
most all patients after CABG,'® but their clinical rele- 
vance in the absence of other signs of postoperative 
myocardial infarction remains doubtful. 

Infarct imaging with technetium-99m_pyrophos- 
phate has been reported to be positive in more than 20% 
of patients after CABG.! This technique, however, is 
known to have a lower sensitivity in the setting of sub- 
endocardial necrosis,'* which is the most frequent site of 
perioperative myocardial damage. Also, studies on left 
ventricular wall motion are conflicting, and improve- 
ment!? as well as deterioration of function?! have 
been demonstrated. 
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FIGURE 4. Relation between aorta cross-clamp time (in min- 
utes) and indium-111 antimyosin uptake. Mean values, indi- 
cated by black lines, do not differ significantly. 
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Because the imaging technique used herein is highly 
specific for myocardial damage, the following question 
has to be answered in the light of the present findings: 
What is a normal test result in this particular popula- 
tion? Some myocardial necrosis may be almost obliga- 
tory after CABG, but the favorable outcome in the ma- 
jority of patients emphasizes the limitation of its impor- 
tance. Despite all precautions before and during 
operation, coronary bypass surgery seems to be an insult 
to the myocardium. Acute changes in hemodynamics, 
temperature changes and direct contact with surgical 
instruments will damage myocardial cells. Additionally, 
reperfusion of previously ischemic myocardium may be 
harmful and may lead to necrosis.?? Bulkley et al’ 
reported the postmortem results in patients who died 
within 30 days after CABG. They found evidence in 48 
of 58 patients (83%) for subendocardial contraction- 
band necrosis, which is one of the pathologic features of 
reperfusion injury,™*4 localized in areas with widely 
patent bypass grafts. They concluded that reperfusion 
injury was common after CABG. Weisel et alë demon- 
strated the generation of free oxygen radicals after car- 
dioplegic arrest leading to membrane damage in myo- 
cardial biopsy specimens obtained during surgery. 

In the present study all patients had an elevated cre- 
atine kinase MB level when compared to the normal 
reference value in a healthy population. Only 4 patients 
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FIGURE 5. Relation between cardiopulmonary bypass (CPB) 
time (in minutes) and indium-111 (IN-111) antimyosin uptake. 
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(17%) had a value >70 IU/liter, used as the normal 
upper limit after CABG, a percentage in keeping with 
the data of McGregor et al.*° Indium-111 antimyosin 
scintigraphy showed uptake in 82% of our patients and 
gave evidence for myocardial necrosis, which did not af- 
fect clinical course. The incidence of perioperative ne- 
crosis in our patients, assessed with indium-111 anti- 
myosin, is in keeping with the postmortem data of Bulk- 
ley et al.’ However, they studied a highly selected 
population. Our data, in contrast, were obtained in pa- 
tients with an uneventful postoperative course in whom 
the previously mentioned factors, which may predispose 
for postoperative myocardial infarction, were also ab- 
sent. This indicates that some degree of myocardial 
damage may be a common phenomenon even after un- 
complicated surgery. Furthermore, indium-111 anti- 
myosin uptake was not related to the duration of aorta 
cross-clamping or cardiopulmonary bypass. 

A gold standard for the diagnosis of postoperative 
myocardial infarction does not exist. Myocardial injury, 
however, seems to be frequent, and related to the surgi- 
cal procedure. When it will become relevant for clinical 
course, or to what extent it may be accepted as normal 
in this particular situation, should be the subject of fur- 
ther study. Comparison of patients who have an un- 
eventful course with patients who have overt periopera- 
tive damage is needed. Quantification of indium-111 
antimyosin uptake will be necessary to use it as a dis- 
criminating technique. Moreover, the relation with 
changes in left ventricular function has to be studied, 
since only clinical course was considered; however, there 
were no signs of hemodynamic deterioration. 
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Usefulness of High-Frequency Analysis of 
Signal-Averaged Surface Electrocardiograms in 
Acute Myocardial Infarction Before and After 
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The incidence of late potentials on the signal-aver- 


aged electrocardiogram before and after coronary 
thrombolysis was studied in 54 patients with an 
acute myocardial infarction of <5 hours’ duration 
and with an angiographically documented total oc- 
clusion of the infarct-related coronary artery on ad- 
mission. A significant (p = 0.038) 50% relative re- 
duction in the incidence of late potentials was ob- 
served in the group of 35 patients who underwent 
reperfusion: from 16 of 35 (46%) before to 8 of 35 
(23%) at 120 minutes after the start of thrombolyt- 
ic treatment. No significant reduction was seen in 
the 19 patients in whom thrombolysis was unsuc- 
cessful: from 8 of 19 (42%) before to 7 of 19 
(37%) afterward. Despite successful recanalization, 
late potentials persisted or newly developed after 
thrombolytic therapy in 8 of 54 patients (15%). It 
is concluded that successful thrombolysis reduces 
the incidence of late potentials on the signal-aver- 
aged electrocardiogram but that the sensitivity and 
specificity of this finding are not high enough to al- 
low reliable monitoring of coronary reperfusion at 
the bedside. 

(Am J Cardiol 1990;66:1196-1198) 
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with the presence of slow and inhomogeneous 
conduction within areas of damaged or ischemic 
myocardial tissue. The presence of these conduction ab- 
normalities can be detected on a signal-averaged surface 
electrocardiogram as low-amplitude potentials in the 
terminal portion of the QRS complex. These bursts of 
low-amplitude signals, prolonging the QRS complex, 
are called late potentials. Several investigators have cor- 
related the presence of late potentials with the occur- 
rence of ventricular arrhythmias and sudden death early 
and late after an acute myocardial infarction.'° 
Recently, a lower incidence of late potentials has 
been reported in patients with acute myocardial infarc- 
tion after successful thrombolysis when compared with 
conventionally treated patients.’* In another recent 
study,’ however, no significant effect of thrombolytic 
therapy on any abnormal signal-averaged variable was 
found at 13 days after acute myocardial infarction. In 
these previous studies coronary recanalization was 
not documented by repeated angiography. The pres- 
ent study was designed to evaluate the effect of angio- 
graphically proven coronary reperfusion on the inci- 
dence of late potentials and to test the possible value of 
this technique as a noninvasive tool for bedside monitor- 
ing of early coronary reperfusion and reocclusion. 


Vint te tachyarrhythmias have been associated 


METHODS 

Patients: Patients <70 years of age with acute myo- 
cardial infarction of <5 hours’ duration and with ST- 
elevations of 22 mm in at least 2 adjacent electrocar- 
diographic leads could enter the trial provided that no 
contraindications to thrombolytic therapy were present. 
Only patients in normal sinus rhythm without bundle 
branch block and with a total occlusion of the infarct- 
related coronary artery at angiography performed on 
admission (see below) were selected for the study. 

Signal-averaged electrocardiegram: A signal-aver- 
aged electrocardiogram (1200 EXP, Arrhythmia Re- 
search Technology, Inc.) was obtained as described pre- 
viously.!° Briefly, standard orthogonal bipolar leads (X, 
Y and Z) were used and signals from 200 to 300 beats 
were amplified, digitized, averaged and then filtered 


(high band-pass filter of 40 Hz). The signals from the 
filtered leads were combined into a “vector magnitude” 
electrocardiogram. The root-mean square voltage of the 
terminal 40 ms of the filtered QRS complex, the dura- 
tion of the filtered QRS complex and the duration of 
the low-amplitude (<40 nV) signals in the terminal por- 
tion of the QRS were automatically computed. Late po- 
tentials were considered present if either of the 2 follow- 
ing criteria were met: a low voltage signal (<20 uV) in 
the last 40 ms of the QRS complex or a filtered QRS 
duration exceeding 120 ms.!':!° Recordings were ob- 
tained before thrombolytic therapy, after the 90-minute 
angiogram and on the third hospital day. 

Coronary angiography: All patients who fulfilled 
the entry criteria were submitted to an acute catheter- 
ization using the brachial approach. The state of perfu- 
sion was graded from 0 (complete occlusion) to 3 (full 
patency) according to the criteria of the Thrombolysis 
in Myocardial Infarction Study Group.'' Angiograms 
of the infarct-related vessel were made before and after 
the intracoronary injection of 200 ug nitroglycerin. If 
the infarct-related coronary artery remained occluded 
after nitroglycerin, 50 to 70 mg of recombinant tissue- 
type plasminogen activator (rt-PA) was given intrave- 
nously over 2 to 5 minutes. Repeated angiograms of the 
infarct vessel were recorded at 60 and 90 minutes in all 
patients and also at 12 to 48 hours in case of complete 
reperfusion (grade 3) at the 90-minute angiogram. At 
60 to 90 minutes, an additional dose of 20 mg of rt-PA 
could be given if the infarct-related artery was grade 2 
or less, whereby a maintenance infusion of 1,000 IU 
hour of heparin was begun. 

Statistical analysis: Continuous variables are given 
as mean + standard deviation. The frequency of obser- 
vations in the 2 groups, before and after thrombolysis, 
was tested for statistical significance with a McNemar 
test. 


RESULTS 

Serial signal-averaged electrocardiograms could be 
recorded in 54 patients (46 men, 8 women) aged 33 to 
68 years (mean 53). On admission, electrocardiographic 
signs of inferior wall acute myocardial infarction were 
present in 29 patients. In 25 patients the anterior wall 
was involved. 

At angiography performed on admission, 25 patients 
had a total occlusion of the left anterior descending cor- 
onary artery, 27 had total occlusion of the right coro- 
nary artery and 2 had occlusion of the circumflex coro- 
nary artery. In all patients the infarct-related vessel re- 
mained occluded after intracoronary injection of 200 ug 
of nitroglycerin. Thrombolytic therapy was begun be- 
tween 87 to 300 minutes after the onset of symptoms 
(mean delay 233 + 50 minutes). Reperfusion (grades 2 
and 3) was documented at 90 minutes in 35 patients 
(65%): 18 with a left anterior descending and 17 with a 
right coronary artery lesion. In 19 patients (35%), no 
reperfusion (grades 0 and 1) was achieved: 7 with a left 
anterior descending, 10 with a right and 2 with a cir- 
cumflex coronary artery lesion. In 4 of 35 patients with 
a patent (grade 3) infarct vessel at 90 minutes, reocclu- 





sion was documented at control angiography performed 
12 to 48 hours after start of thrombolytic therapy. 

Relation between coronary reperfusion and inci- 
dence of late potentials: The first signal-averaged elec- 
trocardiogram was recorded between 85 and 240 min- 
utes after the onset of symptoms (mean delay 180 min- 
utes). Late potentials were present in 24 patients (44%). 
On a second signal-averaged electrocardiogram, record- 
ed 120 + 15 minutes after the start of thrombolytic 
treatment, only 15 patients (28%) had late potentials. 
The incidence of late potentials before and after suc- 
cessful or failed thrombolysis in the total group is shown 
in Figure 1. In the 35 patients who had reperfusion, 16 
(46%) had late potentials before recanalization com- 
pared with only 8 (23%) afterward (a significant 50% 
relative reduction: p = 0.038). In 19 patients in whom 
thrombolysis failed, the incidence of late potentials be- 
fore and after treatment was 42% (8 patients) and 37% 
(7 patients), respectively. In 10 of 16 patients with late 
potentials before treatment in whom reperfusion was 
successful, the electrocardiogram normalized at 120 
minutes (a 62% relative reduction). This was the case 
inonly 3 of the 8 patients (37%) with late potentials at 
entry and persistent coronary occlusion at 90 minutes. 
Of the 39 patients without late potentials at 120 min- 
utes, 27 (69%) showed reperfusion (grades 2 and 3), a 
frequency not very different from the 53% found in the 
group with late potentials (8 of 15). Therefore, the 
specificity and sensitivity of a negative signal-averaged 
electrocardiogram recorded at 120 + 15 minutes after 
thrombolytic therapy with regard to coronary patency 
are low: 69 and 47%, respectively. 

Furthermore, on the third signal-averaged electro- 
cardiogram, recorded 76 + 5 hours after thrombolytic 
therapy, late potentials reappeared in 7 of the 39 pa- 
tients (18%) with a negative result on electrocardiogram 
at 120 minutes. Five of these had a patent infarct-relat- 
ed vessel at 90 minutes, of whom 3 showed reocclusion 
on the late angiogram. One patient had reocclusion af- 
ter 90 minutes without reappearance of late potentials. 
In 4 of 15 patients (27%) with late potentials at 120 


BEFORE 


+120 
minutes 





FIGURE 1. Coronary patency and frequency of late potentials 
before and after (+ 120 minutes, + 76 hours) thrombolytic 

therapy. Open circles, reperfusion; closed circles, no repertu- 
sone) = Preece oTe parantina ee 
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TABLE I Cardiovascular Complications and Death During 
Hospital Stay 









No Late Late Potentials 
Potentials On 21 Occasion 
(n = 22) (n = 32) 








Death 


Ventricular tachycardia 0 2 
and fibrillation 

Reinfarction 1 3 

Angioplasty, bypass 9 19 
surgery, or both 


Shock 


minutes, the signal-averaged electrocardiogram normal- 
ized at 76 hours. In 2 of these, persistent patency was 
documented. In the 2 other patients the vessel was oc- 
cluded at 90 minutes but a late angiogram was not re- 
corded. Thus, spontaneous, late recanalization might 
have occurred in the latter 2 patients. 

Clinical course during hospital stay: Major clinical 
events and outcome are listed in Table I. Death or life- 
threatening arrhythmias occurred in 4 patients. No ce- 
rebral bleedings were found. 


DISCUSSION 

It has been shown that thrombolytic therapy for 
acute myocardial infarction is associated with a signifi- 
cant reduction in the incidence of late potentials on the 
signal-averaged electrocardiogram recorded within 48 
hours of admission.” Furthermore, the same investiga- 
tors have demonstrated a reduced incidence of late po- 
tentials in patients with a patent infarct-related coro- 
nary artery, whether patency was obtained by inter- 
vention (angioplasty or thrombolytic therapy) or spon- 
taneously, suggesting a causal relation between coro- 
nary patency and electrical stability. !? 

In the present study, a signal-averaged electrocardio- 
gram was obtained before and immediately after angio- 
graphically documented reperfusion. Only patients with 
a total infarct-related coronary artery occlusion on ad- 
mission were selected for the study. A reduced early in- 
cidence of late potentials was observed in patients in 
whom thrombolysis was successful. Thus, this study 
confirms the findings of Gang et al’ and further sup- 
ports the concept that coronary reperfusion improves 
electrical stability of the heart. A reduced incidence of 
serious ventricular arrhythmias may be one of the 
mechanisms responsible for improved survival after ear- 
ly thrombolytic therapy and may partly explain the dis- 
crepancies that are observed between the effects of 
thrombolytic therapy on left ventricular function and 
survival. !3-!5 

Because no signal-averaged electrocardiograms in 
this study were recorded at the time of hospital dis- 
charge our results cannot be compared with those of 
Turitto? and Eldar and their associates. Significant 
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time-dependent changes in the signal-averaged electro- 
cardiogram after acute myocardial infarction have been 
reported previously.*:!6 

In contrast with the findings of Gang et al,’ a sub- 
stantial number of reperfused patients in our study had 
late potentials after treatment and a high proportion of 
nonreperfused patients did not show late potentials at 2 
hours after the start of thrombolytic therapy. Further- 
more, angiographically documented reocclusion was as- 
sociated with reappearance of late potentials in only 2 of 
3 patients. Thus, the specificity and sensitivity of a neg- 
ative signal-averaged electrocardiogram in this study for 
detecting coronary patency after thrombolytic therapy 
was only moderate. Therefore, this method will, most 
likely, be of limited value for bedside monitoring of cor- 
onary reperfusion and reocclusion. 
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Time Course and Prognostic Significance of 
Serial Signal-Averaged Electrocardiograms 
After a First Acute Myocardial Infarction 


Luz M. Rodriguez, MD, Ruud Krijne, MD, Adri van den Dool, BS, Pedro Brugada, MD, 
Joep Smeets, MD, and Hein J.J. Wellens, MD 


The prognostic significance of serial signal-aver- 
aged electrocardiograms recorded during the first 
3 days (period 1), in the second week (period 2) af- 
ter a first acute myocardial infarction (AMI) and 6 
months later (period 3) was prospectively assessed 
in 190 patients. No patients were treated with 
thrombolytic therapy. Patients with conduction dis- 
turbances were excluded. Mean age of the 190 pa- 
tients was 57 years (range 34 to 74) and mean left 
ventricular ejection fraction was 40 + 6% (range 
12 to 70). Eighty-four patients had an anterior wall 
AMI and the remaining 106 patients an inferior 
wall AMI. After a mean follow-up of 24 months, 16 
patients developed sustained symptomatic mono- 
morphic ventricular tachycardia, 7 patients were 
resuscitated from an episode of ventricular fibrilla- 
tion, and 10 patients died suddenly. Multivariate 
regression analysis using continuous variables 
showed that the strongest predictor of sustained 
ventricular tachycardia and ventricular fibrilla- 
tion was the left ventricular ejection fraction (p 
<0.0001) followed by the duration of QRS complex 
on the signal-averaged electrocardiogram recorded 
during the first 3 days of AMI (p <0.0005). Sudden 
death was only predicted by left ventricular ejection 
fraction (p <0.02). 

(Am J Cardiol 1990;66:1199-1202) 
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(AMI), recognition of those at high risk of develop- 

ing life-threatening arrhythmias and sudden death 
is of obvious importance. Size of infarction as reflected 
in left ventricular ejection fraction and also complex 
ventricular arrhythmias have been identified as impor- 
tant factors in this risk stratification.! Recently, increas- 
ing attention has been given to the signal-averaged elec- 
trocardiogram as another screening method, alone or in 
combination with other parameters. Most of these 
studies have been retrospective. Recordings have been 
obtained at varying time intervals after AMI. Our study 
using serially recorded signal-averaged electrocardio- 
grams in 190 patients was performed to (1) obtain pro- 
spective data on the value of this technique, and (2) get 
an insight into the most appropriate time of recording 
the signal-averaged electrocardiogram after AMI. 


I: patients surviving acute myocardial infarction 


METHODS 

Patients: All patients admitted to our coronary care 
unit in 1983 with the diagnosis of AMI were considered 
candidates to prospectively enter the study. Patients 
were excluded if (1) the diagnosis of AMI could not be 
confirmed even after the first recording had been ob- 
tained; (2) conduction disturbances were present at the 
time of recruitment; (3) technical or practical problems 
impeded the necessary recordings; (4) the patient was 
taking antiarrhythmic drugs at the time of admission 
with AMI; or (5) the patient had a previous AMI, had 
undergone bypass surgery, or had other associated car- 
diac or noncardiac conditions (e.g., electrolyte distur- 
bances) that could influence the results of the signal- 
averaged electrocardiogram. Of 320 patients with a first 
AMI, 190 had no exclusion criteria and could prospec- 
tively be included in the study. No patient was treated 
with thrombolytic therapy. A signal-averaged electro- 
cardiogram using Simson’s method? was recorded dur- 
ing 1 of the first 3 days (period 1) after onset of symp- 
toms. The study was repeated in the second week (peri- 
od 2) and, if the patient was alive, after 6 months in the 
outpatient clinic (period 3). Full electrical isolation dur- 
ing the recording was guaranteed by a specially pre- 
pared room next to the coronary care unit where no 
other electrical devices were present. The duration of 
the QRS complex and the voltage of the terminal 40 ms 
of the QRS complex were calculated according to the 
methods defined by Simson.* Although filters for 25 
and 50 Hz were used, only data using 25-Hz filters are 
presented because results were identical. 
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TABLE I Presence of Late Potentials and Arrhythmic Events 
in Relation to Left Ventricular Ejection Fraction 


LVEF >40% 





Periods After AMI 











2 3 LP AE 
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AMI = acute myocardial infarction; AE = arrhythmic event; LP = late potentials; 
LVEF = left ventricular ejection: NS = not significant; period 1 = first 3 days after AMI: 
period 2 = week 2 after AMI; period 3 = 6 months after AMI; — (V40 >25 V) = no LP: 
+ (V40 <25 V) = presence of LP. 


In our study the voltage of the terminal 40 ms of the 
QRS complex (V40) was analyzed as a continuous vari- 
able and dichotomized as well. When the amplitude of 
signals in the last 40 ms of the filtered QRS were di- 
chotomized, late potentials were considered present if 
low-amplitude voltage was <25 uV. Late potentials 
were also categorized as normal (>25 uV) or abnormal 
(<25 uV). 

In all patients information was available on age, gen- 
der, location of AMI, maximal enzyme increase, cause 
of death, and incidence of spontaneously occurring sus- 
tained ventricular tachycardia during follow-up. Left 
ventricular ejection fraction was measured before dis- 
charge using 2-dimensional echocardiography, left ven- 
tricular contrast angiography or nuclear techniques. In 
patients in whom left ventricular ejection fraction had 
been measured with several of these techniques the av- 
erage value was used for the calculation. As previously 
reported in our institution, correlation between echocar- 
diographic and angiographic left ventricular ejection 
fraction and between nuclear and angiographic left ven- 
tricular ejection fraction is 0.96 and 0.94, respectively.‘ 

Statistical analysis was performed using univariate 
and multivariate analysis with the Cox proportional- 
hazards model using continuous variables with a univar- 
iate predictor value <0.10. One-way analysis of vari- 
ance and simultaneous confidence intervals were used to 
compare the continuous variables between groups. All 
values are expressed as a mean + standard deviation. 
The mean follow-up at time of analysis was 25 months 
(range 1 to 33). 


RESULTS 

Of the 190 patients, 37 (19%) had late potentials 
(V40 <25 uV) during 1 of the first 3 days (period 1) 
after myocardial infarction. The incidence decreased to 
15% (30 of 190 patients) during the second period (2 
weeks after AMI) and was 12% (23 patients) in the 178 
survivors after 6 months (Table I). There were 12 
deaths: 10 patients died suddenly and 2 patients died 
because of pump failure. 

Of 142 patients with a left ventricular ejection frac- 
tion >40%, 25 patients (18%) had late potentials during 
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>1 of the 3 postinfarction periods in contrast to 19 of 
48 patients (39%) with left ventricular ejection fraction 
<40% (p = 0.003). 

When comparing the patients without arrhythmic 
events to patients with arrhythmic events (sudden 
death, ventricular fibrillation, ventricular tachycardia), 
we noted some differences among the 4 groups. The 
peaks of creatine kinase and oxaloacetic transferase 
were higher in patients with ventricular tachycardia (p 
<0.0001). Left ventricular ejection fraction was lower 
in patients having ventricular fibrillation and in those 
who died suddenly (p <0.0001). Mean duration of QRS 
in period 1 was 108 ms (range 88 to 120) in patients 
developing sustained ventricular tachycardia during fol- 
low-up, 120 ms (range 66 to 120) in patients with ven- 
tricular fibrillation, and 106 ms in those who died sud- 
denly. In patients without arrhythmic events mean du- 
ration of QRS was 90 ms (p <0.0001) (Table II). 

Mean voltage of the termina! 40 ms of the V40 on 
the first day after myocardial infarction was lower in 
patients with ventricular tachycardia (p <0.0001). In 
contrast, patients having ventricular fibrillation had a 
lower voltage during the second and third periods after 
myocardial infarction (p <0.0001). 

After a mean follow-up of 25 months, there were 33 
arrhythmic events, and 16 patients (8.8%) presented 
with symptomatic sustained monomorphic ventricular 
tachycardia. In 4 patients this arrhythmia was observed 
around the twenty-fifth day after AMI, in 4 patients 
approximately 1 month after AMI and in the remaining 
8 patients after >13 months (range 13 to 32). Seven 
patients (3.8%) were resuscitated from ventricular fi- 
brillation. Four patients had ventricular fibrillation <1 
month after AMI and 3 at 1 month after AMI. Ten 
patients (5.5%) died suddenly. Two patients died with 
documented ventricular tachycardia/ventricular fibril- 
lation after 1 month of AMI. The remaining 8 patients 
died suddenly and without electrocardiographic docu- 
mentation before the third signal-averaged electrocar- 
diogram was recorded (range 1 to 5.5 months). Two 
patients died because of pump failure approximately 15 
months after AMI. Arrhythmic events occurred more 
often in patients with left ventricular ejection fraction 
<40% (15 in 48 vs 18 in 142) (p <0.01). The combina- 
tion of persistent late potentials during the 3 postinfarc- 
tion periods and the occurrence of arrhythmic events 
was also seen more often in patients with low left ven- 
tricular ejection fraction (5 in 142 vs 7 in 42) (p <0.01) 
(Table I). 

With use of continuous variables (Cox proportional 
hazards), the strongest predictor of sustained ventricu- 
lar tachycardia and ventricular fibrillation was found to 
be left ventricular ejection fraction (p <0.0001) fol- 
lowed by duration of the QRS complex in the signal- 
averaged electrogram recorded during the first 3 days of 
infarction (p <0.0005). 

Sudden death was only predicted by left ventricular 
ejection fraction (p <0.02). When sudden death, ven- 
tricular fibrillation and ventricular tachycardia were 
taken together and the same continuous variables ap- 
plied, left ventricular ejection fraction remained the 
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No. of pts. 16 


Age (years) 
Site of MI 


PTP E. g = 
F CF 
- 


6242 


Anterior 13 


Interior 
Peak CK (U /liter) 
Peak OT (U /liter) 
LVEF (%) 
Mean duration QRS 
Period 1 (ms) 
Mean duration QRS 
Period 2 (ms) 
Mean duration QRS 
Period 3 (ms) 
Mean V40 
Period 1 (mV) 
Mean V40 5242 
Period 2 (mV) 
Mean V40 5342 
Period 3 (mV) 


* p value <0.0001. 


2,331 + 30 
260 + 20 
47+3 
90 + 3 
9943 
9543 


65+3 


3 
2,879 + 181* 
325 + 15” 


2,563 + 92 
292413 


3942 30 + 4* 


108+ 2 


112327 


120+ 1* 


112+ 1* 


9642 96+1 


45+ 3° 


43+3 


46+3 


48+2 


34+ 2* 


36 + 2* 


CK = creatine kinase; LVEF = left ventricular ejection fraction; Ml = myocardial infarction; OT = oxaloacetic transferase; period 1 = first 3 days after AMI; period 2 = week 2 after 
AMI; period 3 = 6 months after AMI; SD = sudden death; VF = ventricular fibrillation; VT = ventricular tachycardia; V40 = amplitude last 40 ms of QRS. 


strongest predictor for arrhythmic events (p <0.0001), 
with the duration of the QRS complex from the signal- 
averaged electrogram recorded during the first 3 days of 
myocardial infarction as the second most powerful pre- 
dictor. 


DISCUSSION 

In recent years several investigators have recorded 
late potentials after an AMI.?35-10 Our results suggest 
that left ventricular ejection fraction was the most im- 
portant predictor of sudden death and the occurrence of 
sustained ventricular arrhythmias during follow-up. The 
duration of the QRS complex on the signal-averaged 
electrocardiogram during the first period (3 days) after 
AMI was an independent predictor (p <0.0005). Serial 
signal-averaged electrocardiograms at the second period 
(2 weeks) and third period (6 months after AMI) did 
not add additional information. 

Gomes et al> found good specificity (80%) and sensi- 
tivity (88%) in the duration of QRS complex in the 
“acute” phase of AMI, but the signal-averaged electro- 
cardiograms were not recorded during the late phase of 
AMI. The same group® found that left ventricular ejec- 
tion fraction had an independent value from the late 
potentials to predict arrhythmic events. They also de- 
scribed that the predictive value of the signal-averaged 
electrocardiogram in patients with anterior wall AMI 
was better than left ventricular ejection fraction. Pollak 
et al’ reported that the predictive value of late potentials 
was independent of left ventricular ejection fraction in 
patients with and without ventricular tachycardia. 

El-Sherif et al described that an abnormal signal- 
averaged electrocardiogram and a low ejection fraction 
had independent value for predicting late arrhythmic 
events after the acute phase of myocardial infarction. In 
their study, an abnormal signal-averaged electrocardio- 
gram was considered a low-amplitude signal (<25 mV) 





in the last 40 ms of the QRS, a total filtered QRS dura- 
tion >120, or both. In our patients left ventricular ejec- 
tion fraction was the strongest predictor of prognosis. 
Late potentials were not an independent variable in 
terms of prognosis. 

Few studies have paid attention to the value of serial 
and prospectively recorded signal-averaged electrocar- 
diograms.*-!° Serial signal-averaged electrocardiograms 
showed that the most important prognostic information 
was recorded during the first period (3 days) after 
AMI. This observation is of interest both pathophysio- 
logically and in terms of the practical application of the 
technique. 

From the pathophysiologic point of view, one can 
only speculate on the serial changes observed in the sig- 
nal-averaged electrocardiogram. The incidence of late 
potentials (as defined here) decreased from the first to 
the second period after AMI, with a further decrease in 
the survivors 6 months later. Progressive cell death may 
have caused the changes from the first to second period 
and 6 months later, but also slowing in conduction dur- 
ing the phase of acute ischemia. Because sudden death 
after AMI can be the result of other causes than a sus- 
tained ventricular arrhythmia, it cannot be expected 
that either the signal-averaged electrocardiogram or left 
ventricular ejection fraction will reach a sensitivity or 
specificity of 100%. 

With regard to the practical application of the tech- 
nique, serially recorded signal-averaged electrocardio- 
grams demonstrate that the best prognostic value can 
be obtained when recordings are obtained early after 
AML.’ Interestingly, our findings suggest that this is 
true for the duration of the QRS complex, but not for 
the presence of a late potential. A widened QRS on the 
signal-averaged electrocardiogram during the first 3 
days after AMI probably indicates a large area at 
risk. 
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Our patients were admitted to the hospital at a time 
when thrombolytic therapy was not given. It is well 
known now that thrombolytic therapy after AMI leads 
to a reduced incidence of abnormal signal-averaged 
electrocardiograms.!'!? It appears unlikely, however, 
that the presence of an abnormal signal-averaged elec- 
trocardiogram after thrombolytic therapy will be signif- 
icantly different when compared with an abnormal sig- 
nal-averaged electrocardiogram without thrombolytic 
therapy. 
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ENGINEERED WITH A NEW 
PATENTED* DELIVERY TECHNOLOGY 
FOR HYPERTENSION 


Eliminates the food requirement of traditional SR verapamil’ 
therapy’—more assurance of proper dosing 


@ With VERELAN, food intake is not required for consistent absorption. Traditional SR verapamil 
must be taken with food to achieve the desired absorption profile’ 
Engineered to provide reliable 24-hour blood pressure control 


@ Maintains control throughout the early morning hours, the period usually associated with 
greatest cardiovascular risk 
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Time of day 


@ Maintains 24-hour effectiveness in reducing elevated blood pressure—with one daily dose. 


Enhances convenience 


@ Patients may not be able to take traditional SR verapamil on a full stomach as recommended 


@ VERELAN can be taken with or without food—thus eliminating the variation in peak levels 
observed with traditional SR verapamil therapy if taken on an empty stomach? 


@ VERELAN can be taken once a day at all doses, even for patients requiring doses over 240 mg 
per day 


® Constipation, which can be easily managed in most patients, is the most frequently reported 
side effect of verapamil 


*US Patent Number: 4,863,742 
*Calan” SR (GD Searle & Co), lsoptin® SR (Knoll Pharmaceuticals). 
Please see brief summary of Prescribing Information on next page. 


Verapamil HCL23 


PELLET-FILLED CAPSULES 


Verapamil without the food variable 


@ New absorption profile 
@ Advanced convenience 
@ Advanced dosing simplicity 


The usual dose is 240 mg once daily. If adequate response is not obtained, the dose 
may be titrated up to 360 mg or 480 mg once daily. VERELAN 120 mg is available for 


patients requiring lower dase verapamil therapy. 


References: 1. Pharmaceutical Data Services, Alpha Data Services, December, 1989. 

2. Physicians’ Desk Reference (PDR®) 44th ed. Oradell, NJ: Medical Economics Co Inc; 1990: 1117-19 
ag ii 053-2056 (Calan SR) 3. Data on file, Lederle Laboratories, Pearl River, NY. 
4. ini PB, Carr AA, Rhoades RE, Prisant LM, O’Brien DE. Dose response of a new once daily verapamil 
capsule confirmed by ambulatory blood pressure monitoring. Presented at the Fifth Scientific Meeting of the 
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Brief Summary 
VERELAN® Verapamil HC! 
Sustained-Release Pellet-Filled Capsules 


For complete Prescribing Information, consult package insert. 
CLINICAL PHARMACOLOGY: Food does not affect the extent or rate of the controlled absorption of verapamil 
from the VERELAN capsule. 

Atrioventricular block can occur in oatients without preexisting condition defects (see WARNINGS). 

Acceleration of ventricular rate and/or ventricular fibrillation has been reported in patients with atrial 
a x ai lation and a coexisting accessory AV pathway following administration of verapamil (see 
WARNINGS). 

In patients with hepatic insufficiency, metabolism is delayed and elimination half-life prolonged up to 14 
to 16 hours (see PRECAUTIONS), the volume of distribution is increased, and plasma clearance reduced to 
about 30% of normal. 

CONTRAINDICATIONS: Severe LV dysfunction (see WARNINGS), hypotension (systolic pressure <90 
mmHg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), second- or third-degree AV 
block (if no pacemaker is present), atrial flutter/fibrillation with an accessory bypass tract (eg, WPW or LGL 
syndromes), (see WARNINGS), hypersensitivity to verapamil. 

WARNINGS: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
<30%) or moderate-to-severe symptoms of cardiac failure and in patients with any degree of ventricular 
dysfunction if they are receiving a beta blocker. Control milder heart failure with optimum digitalization 
and/or diuretics before VERELAN is used. Verapamil may occasionally produce hypotension. Elevations of 
liver enzymes-have been reported. 

Several cases of hepatocellular injury have been demonstrated to be produced by verapamil. Periodic 
monitoring of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/or 
chronic atrial fiutter/fibrillation and an accessory AV pathway (eg, WPW or LGL syndromes) have 
developed an increased antegrade conduction across the accessory pathway bypassing the AV node, 
producing a very rapid ventricular response or ventricular fibrillation after receiving IV verapamil (or 
digitalis). Because of this risk, oral verapamil is contraindicated in such patients. AV block may occur 
(second- and third-degree, 0.8%). Development of marked first-degree block or progression to second- or 
third-degree biock requires reduction in dosage or, rarely, discontinuation and institution of appropriate 
therapy. Sinus bradycardia, second-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who were treated 
with verapamil. 

PRECAUTIONS: Verapamil should be given cautiously to patients with impaired hepatic function (in severe 
dysfunction use about 30% of the norma! dose) or impaired renal function, and patients should be 
monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil may 
decrease neuromuscular transmission in patients with Duchenne’s muscular dystrophy and may prolong 
recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease verapamil 
dosage in patients with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic 
blockers and verapamil may result in additive negative effects on heart rate, atrioventricular conduction 
and/or cardiac contractility; there have been reports of excessive bradycardia and AV block, including 
complete heart block. The risks of such combined therapy may outweigh the benefits. The combination 
should be used only with caution and close monitoring. Decreased metoprolol clearance may occur with 
combined use. Chronic verapamil treatment can increase serum digoxin levels by 50% to 75% during the 
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first week of therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil m 
reduce total body clearanceand extrarenal clearance of digitoxin. The digoxin dose should be reduced wh 
verapamil is given, and the patient carefully monitored. Verapamil will usually have an additive effect 
patients receiving blood-pressure-lowering agents. Disopyramide should not be given within 48 hou 
before or 24 hours after verapamil administration. Concomitant use of flecainide and verapamil may ha 
additive effects on myocardial contractility, AV conduction, and repolarization. Combined verapamil a 
quinidine therapy in patients with hypertrophic cardiomyopathy should be avoided, since significa 
hypotension may result Verapamil has been given concomitantly with short- ond long-acting nitrat 
without any undesirable drug interactions. Interaction between cimetidine and chronically administen 
verapamil has not been studied. In healthy volunteers, clearance of verapamil was reduced or unchange 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increas 
sensitivity to lithium. Patients receiving both drugs must de monitored carefully 

Verapamil may increase carbamazepine concentrations during combined use Rifampin may redui 
verapamil bioavailability. Phenobarbital may increase verapamil clearance. Verapamil may increase seru 
levels of cyclosporin. Concomitant use of inhalation anesthetics and calcium antagonists needs carel 
titration to avoid excessive cardiovascular depression. Verapamil may potentiate the activity 
neuromuscular blocking agents (curare-like and depolarizing); dosage reduction may be require 
Adequate animal carcinogenicity studies have not deen performed. One study in rats did not suggest 
tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy Category C. There o 
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Prognostic Value of Predischarge Low-Level 
Exercise Thallium Testing After Thrombolytic 
Treatment of Acute Myocardial Infarction 


Peter L. Tilkemeier, MD, Timothy E. Guiney, MD, Paul J. LaRaia, MD, 
and Charles A. Boucher, MD 


Low-level exercise thallium testing is useful in iden- 
tifying the high-risk patient after acute myocardial 
infarction (AMI). To determine whether this use 
also applies to patients after thrombolytic treat- 
ment of AMI, 64 patients who underwent early 
thrombolytic therapy for AMI and 107 patients 
without acute intervention were evaluated. The 
ability of both the electrocardiogram and thallium 
tests to predict future events was compared in both 
groups. After a mean follow-up of 374 days, there 
were 25 and 32% of cardiac events in the 2 
groups, respectively, with versus without acute in- 
tervention. These included death, another AMI, 
coronary artery bypass grafting or angioplasty 
with 75% of the events occurring in the 3 months 
after the first infarction. The only significant pre- 
dictors of outcome were left ventricular cavity dila- 
tation in the intervention group and ST-segment de- 
pression and increased lung uptake in the noninter- 
vention group. The sensitivity of exercise thallium 
was 55% in the intervention group and 81% in the 
nonintervention group (p <0.05),. 

Therefore, in patients having thrombolytic ther- 
apy for AMI, nearly half the events after discharge 
are not predicted by predischarge low-level exer- 
cise thallium testing. The relatively weak correla- 
tion of outcome with unmasking ischemia in the 
laboratory before discharge may be due to an un- 
stable coronary lesion or rapid progression of dis- 
ease after the test. Tests considered useful for 
prognostication after AMI may not necessarily 
have a similar value if there has been an acute in- 
tervention, such as thrombolytic therapy. 

(Am J Cardiol 1990;66:1203-1207) 


From the Cardiac Unit, Massachusetts General Hospital and Spaul- 
ding Rehabilitation Hospital, Boston, Massachusetts. This study was 
presented in part at the American College of Cardiology Meeting, New 
Orleans, Louisiana, March 20,1990. Manuscript received March 15, 
1990; revised manuscript received and accepted July 2, 1990. 

Address for reprints: Peter L. Tilkemeier, MD, The Miriam Hospi- 
tal, Division of Cardiology, 164 Summit Avenue, Providence, Rhode 
Island 02906. 


al infarction (AMI), unmasking ischemia in the lab- 

oratory using low-level exercise testing before dis- 
charge has been shown to be a safe and useful proce- 
dure to identify the post-AMI patient at risk for 
recurrent events.! Thallium-201 myocardial perfusion 
imaging in these patients appears to be more sensitive 
than the electrocardiographic response to exercise in 
predicting subsequent cardiac events.*-> However, the 
advent of acute intervention, using thrombolytic thera- 
py, has changed the characteristics of the postinfarction 
population and the natural history of these patients. 
Therefore, the low-level predischarge exercise thallium 
study may not have the same prognostic usefulness in 
patients with versus without acute intervention. Few 
studies have compared the acute intervention population 
with the nonintervention population in terms of prog- 
nostic indicators. We evaluated 64 consecutive patients 
who had thrombolytic therapy at the time of AMI to 
assess the prognostic value of the low-level exercise thal- 
lium test before discharge in comparison with 107 con- 
secutive patients studied during the same time period 
who did not undergo acute intervention at the time of 
AMI. 


È stable patients after uncomplicated acute myocardi- 


METHODS 

Patient population: Al] 227 patients who underwent 
low-level exercise testing with thallium-201 imaging at 
the Massachusetts General Hospital within 21 days of 
an AMI from January 1, 1986, to February 28, 1988, 
were considered for inclusion in the study population. 
Exclusion criteria included angioplasty or coronary ar- 
tery bypass graft surgery before the index AMI in 12 or 
lack of any follow-up data after discharge after AMI in 
24. Three patients who had angioplasty as their only 
acute therapy were excluded. All 14 patients with prior 
AMI were not excluded. 

Of the remaining 188, 14 had either an angioplasty 
or coronary artery bypass grafting during the same hos- 
pitalization as a direct outcome of an abnormal low- 
level exercise thallium test. These 14 patients were ex- 
cluded from further analysis because of the potential for 
selection bias in considering these patients as adverse 
outcomes. These 14 included 3 in the acute intervention 
group and 11 in the nonintervention group. In addition, 
3 patients died due to non-cardiac causes during follow- 
up and were therefore excluded from analysis. The re- 
maining 171 patients who were discharged formed the 
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TABLE I Clinical Data 


No Acute 
Intervention 
(n = 107) 


Intervention 
(n = 64) p Value 
Age (yr) 
Sex (M/F) 
Prior AMI 
AMI Location 
Non-Q 
Inferior 
Anterior 
Other 
Follow-up interval 
(days) 


AMI = acute myocardial infarction; Non-Q = non-Q-wave myocardial infarction; NS 
= not significant. 


385 + 317 367 + 262 


study population, consisting of 107 patients who had no 
acute intervention at the time of AMI and 64 who had 
thrombolytic therapy (54) or thrombolytic therapy with 
acute angioplasty (10). 

Presence of an AMI was documented by the appro- 
priate clinical history with enzymatic (elevated creatine 
kinase MB fractions). The decision to use thrombolytic 
agents or interventional procedures, either angioplasty 
or coronary bypass graft surgery, was at the discretion 
of the individual attending physician. 

Patient demographics, including age, gender, loca- 
tion of AMI by electrocardiographic criteria and wheth- 
er it was a Q-wave or non-Q-wave infarction, were not- 
ed. These are detailed in Table I. Prior AMI (historical- 
ly or by electrocardiogram), the interval from the index 
infarction to exercise testing and the use of intervention- 
al techniques at the time of AMI were compiled. The 
exercise data are detailed in Table II and consisted of 
the duration of exercise, the resting heart rate and blood 
pressure, the peak heart rate and blood pressure, the 
percentage of the age-predicted maximum heart rate 
achieved and the presence of angina during or after ex- 
ercise. The presence of electrocardiographic changes 
during exercise that reached diagnostic criteria for isch- 
emia (21 mm of ST-segment depression in leads that 
were normal at baseline) was also compiled. 

Follow-up events: Follow-up data on the 171 pa- 
tients were obtained for a minimum of 6 months or to a 
clinical end point. There were 2 categories of end points. 
One was a true adverse outcome of death or reinfarc- 
tion. The other was the occurrence of any cardiac event, 
which included death, reinfarction, angioplasty or coro- 
nary artery bypass grafting. This identified patients who 
had severe disease with the potential for an adverse out- 
come who had been discharged after myocardial infarc- 
tion without an intervention. The mean time to an event 
was 119 days in the nonintervention group and 105 days 
in the acute intervention group, with 30% of all events 
in both groups occurring within 4 weeks of discharge 
and 75% within 3 months. The mean follow-up interval 
was 380 days for the nonintervention group and 367 
days for the intervention group. This difference was not 
statistically significant. 

Exercise test protocol: Patients were exercised using 
a modified Bruce protocol® or, in a minority, the Bruce 
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TABLE II Exercise Data 


No Acute 
Intervention Intervention 
(n = 107) (n = 64) 


7.62.6 


p Value 


Exercise duration 6.7 + 2.2 
(minutes) 
Peak heart rate 
% MPHR 
ETT interval (days) 
ST depression (%) 
Hypotensive 
BP response (%) 
Angina during ETT 
(%) 


113420 
72+11 
10+4 
37 (35) 
14(13) 


119415 
71410 
1143 
10(15) 

1 (2) 


16 (15) 5 (9) 


BP = blood pressure; ETT = exercise tolerance test; % MPHR = % maximal 
predicted heart rate; NS = not significant. 





protocol,’ at the supervising physician’s direction. Dur- 
ing exercise, 12-lead electrocardiograms were monitored 
each minute and evaluated for ST-segment abnormali- 
ties. Electrocardiograms were also taken at peak exer- 
cise, immediate recovery and at 3-minute intervals in 
the recovery phase. Three leads were monitored contin- 
uously throughout recovery until the electrocardiogram 
returned to baseline. Exercise was terminated at the dis- 
cretion of the physician performing the test. Significant 
electrocardiographic changes (22 mm ST-segment de- 
pression), decrease in systolic blood pressure, or patient 
symptoms of angina were considered end points. A posi- 
tive electrocardiographic response was 21 mm ST-seg- 
ment depression. 

Thallium imaging protocol: One minute before ter- 
mination of exercise, 2.0 to 3.0 mCi of thallium-201 
were injected intravenously and images in the anterior, 
left anterior oblique and 70° left anterior oblique views 
were obtained 3 minutes after exercise and 3 to 4 hours 
later. The images were analyzed for the presence of 
thallium perfusion defects and whether they were re- 
versible or persistent. Those with redistribution were lo- 
calized to either the site of the infarction or remote 
from it. For example, a patient who evolved an inferior 
Q-wave infarction by electrocardiographic criteria and 
subsequently had an initial inferior thallium defect 
without redistribution would have been classified into 
the persistent group, whereas a patient with the same 
electrocardiographic evaluation and a redistributing an- 
terior defect would have remote redistribution. The im- 
ages were also analyzed for reversible or fixed exercise- 
induced dilation of the ventricle. In those patients whose 
exercise level was adequate to clear the splanchnic bed 
of activity, increased lung uptake was also noted. A pos- 
itive test was defined as any redistributing defect. Pa- 
tients who had evidence of increased lung uptake with- 
out redistributing defects all had peak exercise heart 
rates of <70% of their predicted maximum and there- 
fore lung uptake may be spuriously increased. Interpre- 
tation was by multiple experienced readers and agree- 
ment was reached by consensus.® 

Statistical methods: Data were analyzed using a 
Student ¢ test for determining the differences between 
the means of independent observations. These data were 
reported as a mean +1 standard deviation. A chi-square 


TABLE Ill Thallium Results 


No Acute 
Intervention Intervention 
(n = 107) (%) (n = 64) (%) 


Perfusion defects 
Reversible 70 (65) 
Remote 2 (2) 
Persistent 33 (31) 
None 2 (2) 
Increased lung uptake 32 (30) 
Dilated left ventricle 
Reversible 14(13) 
Fixed 13 (12) 


TABLE IV Event Incidence 


No 
Intervention 
(n = 107) (%) 


Intervention 
(n = 64) (%) 


Myocardial infarction 3(3) 4(6) 
Death 4 (4) 1(1) 
Coronary artery bypass grafting 21 (20) 6 (9) 
Angioplasty 3 (3) 5 (8) 
Total 31 (32) 16 (25) 


test was used to determine the differences between pro- 
portions. A p value <0.05 was considered significant. 

The sensitivity of the electrocardiogram was the 
number of positive electrocardiographic responses to ex- 
ercise in patients with an event divided by the number 
of all patients who had a positive electrocardiographic 
response. The same is true for the thallium testing. 
Specificity was defined as the number of people with a 
negative electrocardiogram or thallium scan without an 
event divided by the total number of patients with either 
a negative electrocardiogram or thallium scan. Positive 
predictive value was defined as the number of patients 
with an event with either a positive electrocardiogram 
or thallium scan divided by the total number of patients 
with either a positive electrocardiogram or thallium 
scan. 


RESULTS 

Comparison of the two groups: The exercise data 
for the 2 groups are presented in Table II. The 2 groups 
were similar in all variables except the nonintervention 
group had more frequent ST-segment depression and a 
decrease in systolic blood pressure. The results of the 
thallium-201 imaging are presented in Table III and are 
similar in both groups. The event data are tabulated in 
Table IV. There were no differences between the 2 
groups when the incidences of myocardial infarction, 
cardiac death, coronary artery bypass grafting or angio- 
plasty in the follow-up period were compared. The total 
number of events in both groups were similar. 

Correlates of death or myocardial infarction: The 
individual patient data in the 12 patients with death or 
AMI showed that only 2 had ST-segment depression. In 
contrast, all but 1 patient had evidence of thallium de- 
fects, with 7 reversible and 4 persistent. Four patients 
had evidence of both increased lung uptake and revers- 
ible left ventricular dilatation after exercise; 3 of these 





Acute 
Nonintervention Intervention 
(n = 107) (%) (n=64)(%) pValue 


Sensitivity 
ECG (ST dep) 
Thallium (RD) 
Either positive 
Both positive 
Specificity 
ECG (ST dep) 
Thallium (RD) 
Either positive 
Both positive 
Positive predictives 
value 


ECG (ST deg) 
Thallium (RD) 
Either positive 
Both positive 


ECG = electrocardiogram; NS = not significant; RD = redistribution; ST dep = ST- 
segment depression. 


had evidence of reversible thallium defects. Of the clini- 
cal, exercise and scan criteria outlined in Tables II and 
III, none correlated with death or AMI in either of the 
2 patient populations. There was a lesser contribution of 
the electrocardiogram compared to thallium imaging in 
determining sensitivity or positive predictive value in 
both groups of patients. 

Correlates of a cardiac event: Using all of the clini- 
cal, exercise and scan criteria in Tables II and III, in 
the nonintervention group, the only significant corre- 
lates of any cardiac event were ST-segment depression 
or increased lung uptake. There was an increased per- 
centage of redistributing defects in the patients with 
events during follow-up, but this was not significant. In 
the acute intervention group the presence of left ventric- 
ular dilatation was the only predictor of an event in the 
follow-up period. 

The sensitivity, specificity and positive predictive 
value of the electrocardiographic and thallium findings 
in the 2 groups are compared in Table V, and in Figures 
l and 2. The electrocardiogram had a low sensitivity 
with a high specificity. Thallium imaging added signifi- 
cantly to the sensitivity. The positive predictive value 
was similar for each. The sensitivity of the electrocar- 
diogram alone or combined with the thallium results 
was lower in the acute intervention group compared to 
the nonintervention group. The specificity of the thalli- 
um results alone, either electrocardiogram or thallium 
results, or both, was similarly decreased in the noninter- 
vention group compared to the acute intervention group. 
There were no differences between the positive predic- 
tive values of either the electrocardiogram or thallium 
results alone or in combination in the nonintervention 
and acute intervention groups. 


DISCUSSION 

Prognosis after AMI is determined by the severity of 
underlying coronary artery disease and this is assessed 
by demonstrating severe ventricular arrhythmia, left 
ventricular dysfunction or ischemia. Of these, unmask- 
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ing ischemia is considered the single most important 
and easily treated. Predischarge low-level exercise test- 
ing with thallium-201 imaging has been one of the most 
common methods of demonstrating ischemia and prog- 
nostication in patients after AMI. This has been extend- 
ed to patients after thrombolysis by data from the 
Thrombolysis in Myocardial Infarction-IIB Trial sug- 
gesting that decisions for intervention in patients after 
reperfusion therapy at the time of their infarction be 
based on the exercise thallium scan.’ The data in our 
study suggest that the low-level predischarge thallium 
exercise test provided weaker prognostic information af- 
ter hospital discharge in the reperfused patient than in 
patients who had no acute intervention. Only 55% of all 
events were detected compared to 81% in the noninter- 
vention group. Even if the 14 patients who had a predis- 
charge angioplasty or coronary artery bypass grafting 
due to an abnormal exercise thallium study were includ- 
ed as adverse events the sensitivity would only increase 
to 58 and 91%, respectively. The thallium scan detected 
4 of 5 (80%) of intervened patients having the most seri- 
ous events, death or myocardial infarction, none of 
whom had ST-segment depression. 

There are several possible reasons for these observa- 
tions. One is that thrombolytic therapy may create an 
unstable situation (i.e., a partially opened vessel may 


COMPARISON OF ECG AND THALLIUM 
SENSITIVITY , SPECIFICITY +(+) PREDICTIVE VALUE 


Nonintervention Patients 


SENSITIVITY SPECIFICITY 


+ p<0.03 c/w ECG 
+ p<0.01 c/w ECG 


ECG TL Either Both 
(+) PREDICTIVE VALUE 


FIGURE 1. Comparison of the sensitivity, specificity and (+) 

, value of electrocardiogram (ECG) and thallium (TL) 
in Either is for either ECG or thalli- 
um, both is both ECG and thallium. c/w = ECG. 
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reocclude). Melin et al! addressed the issue of post- 
thrombolytic ischemia and found a significantly greater 
amount of ischemia in the reperfused patient with a pa- 
tent infarct-related vessel. This would support the con- 
cept of an unstable population regarding the potential 
for repeat cardiac events.'? The lack of detection of 
ischemia at the time of predischarge testing is probably 
due to vessel patency at the time of testing; however, 
ischemic events develop as the lumen narrows. 

Another reason is that submaximal exercise may be 
an inadequate stress in this setting. Gibson et al!! 
showed that low-level exercise (peak heart rate of 120 
beats/min) with thallium imaging in the postinfarct pa- 
tient accurately predicted cardiac events after uncom- 
plicated myocardial infarction.'' In our patients, the 
peak heart rate was in fact lower but not significantly 
different in patients with and without events. The role 
of dipyridamole thallium imaging has been shown to be 
equally safe and an acceptable alternative to predis- 
charge low-level exercise in this patient population.!? 
This may avert the problem of submaximal exercise but 
this requires further study. 

The sensitivity and specificity data obtained in this 
study showed a greater sensitivity for detection of cardi- 
ac events during follow-up by thallium imaging com- 
pared to the electrocardiographic exercise response in 
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both groups. This is in agreement with Baily et al.'> 
This was, however, accompanied by a lower specificity. 
There is clearly an increase in the sensitivity of the thal- 
lium images in the nonintervention patients with a con- 
comitant decrease in specificity. This decrease in speci- 
ficity was also present in the intervention group. When 
only the few natural events (e.g., death or recurrent in- 
farction), were compared, the electrocardiogram was in- 
sensitive, with an increase in sensitivity with the addi- 
tion of thallium imaging, both in the acute intervention 
group (0 to 80%) and in the nonintervention group (28 
to 56%). This is in agreement with the findings of Tur- 
ner et al? of the complementary roll of thallium-201 im- 
aging. However, specificity was poor and there were just 
as many abnormal scans in the group without death or 
myocardial infarction. This is in agreement with the 
findings of Murray et alt and LeGrand et alô of the 
limited contribution of thallium imaging to the exercise 
test results. 

Study limitations: There were 5 limitations of our 
study. First, the exercise was submaximal and therefore 
may not reflect the maximal ischemic potential. Second, 
the images were obtained using the planar method and 
therefore the results of this study may not necessarily 
hold true for images acquired using tomography. Third, 
computer quantitation was not performed. Although 
quantitation has been suggested to improve image inter- 
pretation, multiple observers as used in this study 
have also been shown to improve image interpretation. 
Fourth, cardiac catheterization was not routinely per- 
formed in our patients and no conclusions regarding its 
relative utility or correlations could be made. Fifth, the 
possibility of delayed redistribution, as would be detect- 
ed by 24-hour delayed imaging or imaging after reinjec- 
tion at rest, was not assessed in this protocol. Thus, the 
percentage of patients with residual ischemia may have 
been underestimated. In addition, patient management 
decisions were not blinded to the results of the exercise 
thallium study. 

Therefore, serious natural events (death or myocar- 
dial infarction) are relatively uncommon after uncom- 
plicated AMI, but they are not accurately predicted by 
low-level testing with planar thallium imaging regard- 
less of whether there was acute intervention at the time 
of infarction. This is because the specificity was poor 
even though the sensitivity was acceptable. In noninter- 


vened patients the test did correlate with future events, 
mainly angioplasty and coronary bypass grafting. 

In the acute intervention group, low-level exercise 
thallium did not predict any event, including angio- 
plasty or bypass grafting, during follow-up, which prob- 
ably resulted from progression of disease or restenosis 
after discharge. Further studies to evaluate different 
methods of follow-up will be needed to optimize prog- 
nostication. Frequent follow-up in the first year after 
reperfusion therapy for AMI may be helpful because 
late cardiac events occur in many patients with normal 
predischarge submaximal thallium exercise tests. 
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in 5,839 consecutive patients with acute myocardi- 
al infarction (AMI), hospitalized between July 1981 
and July 1983 in 14 coronary care units in Israel, 
the incidence of primary ventricular fibrillation (VF) 
was 2.1%. Patients with primary VF resembled 
counterparts without VF in terms of age, gender, 
frequency of previous AMI and past cigarette 
smoking habits. The hospital course of patients 
with primary VF revealed increased incidence of 
primary atrial fibrillation and atrioventricular block. 
increased serum levels of glutamic oxaloacetic 
transaminase and lactic dehydrogenase were noted 
among the patients with primary VF. in-hospital 
mortality rate was 18.8% in 122 patients with pri- 
mary VF compared with 8.5% in 3,707 patients 
forming the reference group (p <0.01). Adjustment 
by age using logistic function yielded an estimate of 
2.86 for relative mortality odds associated with pri- 
mary VF, and further adjustment by gender, histo- 
ry of AMI, systemic hypertension, and by enzymat- 
ically estimated infarct size slightly reduced the es- 
timated odds, at 2.52 (95% confidence interval, 
1.42 to 4.46). Prognosis after discharge from the 
hospital was independent of primary VF. In conclu- 
sion, primary VF exerts an independent, significant 
effect on in-hospital mortality. 

(Am J Cardiol 1990;66:1208-—1211) 
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and major, potentially lethal, complication of acute 

myocardial infarction (AMI). Although there is 
general consensus that secondary VF is associated with 
markedly elevated in-hospital mortality and may repre- 
sent poor prognosis for survivors of AMI, opinions vary 
as to the prognostic value of primary VF.!-3 We there- 
fore undertook a study to determine the association of 
primary VF with in-hospital mortality after AMI. 


Visi fibrillation (VF) remains a frequent 


METHODS 

From 1981 to 1983 we conducted a secondary pre- 
vention study—the Secondary Prevention Reinfarction 
Israeli Nifedipine Trial (SPRINT)—in 2,276 survivors 
of AMI using nifedipine or placebo in 14 hospitals in 
Israel.* During the study period, a logbook of all pa- 
tients with AMI was maintained (SPRINT Registry). 
The diagnosis of AMI was confirmed by clinical elec- 
trocardiographic and enzymatic findings. Demographic 
and medical data were collected on special forms. Fol- 
low-up through mid-1988 was completed for all hospital 
survivors of the Register. 

For the purpose of this study, primary VF was de- 
fined as VF complicating a first or recurrent AMI oc- 
curring within 48 hours of admission in patients in Kil- 
lip class I. According to this definition, no clinical or x- 
ray signs of congestive heart failure on admission to 
coronary care units were recorded and neither conges- 
tive heart failure, pulmonary edema, cardiogenic shock 
nor persistent hypotension (systolic blood pressure <90 
mm Hg/48 hours) preceded the occurrence of VF. Pa- 
tients in an identical hemodynamic state (Killip class [) 
during their first 48 hours of hospitalization in the coro- 
nary care unit, without VF, were defined as the refer- 
ence group. All patients with primary VF were con- 
nected to a monitoring system at bedside and to the 
central electrocardiographic monitor of the coronary 
care unit when the arrhythmia occurred. Immediate 
electrical cardioversion was provided and standard 
cardiopulmonary resuscitation maneuvers were begun 
without delay by the staff of the coronary care unit. 

The SPRINT Registry of AMI, including 5,839 pa- 
tients, provides a good opportunity to evaluate the inci- 
dence, the in-hospital outcome and the long-term influ- 
ence of primary VF on the prognosis of survivors of 
acute AMI. One hundred twenty-two of these patients 
fulfilled the criteria of primary VF and 3,730 patients 
formed the reference group. 

Statistical analysis: Age-adjusted prevalence of at- 
tributes correlating with primary VF has been calculat- 
ed. Multivariate logistic analysis of hospital and mor- 


TABLE I Incidence of Primary Ventricular Fibrillation 
According to Gender, Age and Past History 


Case/Total (%) 


(2.3) 
(1.5) 


p Value 


Men 
Women 
Age group (year) 


99/4,315 
23/1,524 


19/671 
75/3,398 
28/1,770 


(2.8) 
(2.2) 
(1.6) 
AMI location 
Anterior 
Inferior 
Non-Q-AMI 
Previous MI 
+ 23/1,432 
0 96 /4,297 
AP 
+ 48 /2,867 
0 69 /2,790 
Hypertension 
+ 42/2,790 
0 75/3,381 
Smoked cigarettes 
+ 62/2,758 (2.2) 
0 44/2,249 (2.0) 


AMI = acute myocardial infarction; AP = angina pectoris; NS = not significant; + = 
positive; 0 = negative. 


52/2,565 
57 /2,264 
6/451 


(2.0) 
(2.5) 
(1.3) 


(1.6) 
(2.2) 


(1.7) 
(2.5) 


(1.8) 
(2.2) 


TABLE Il Characteristics of Patients with Primary 
Ventricular Fibrillation and of the Reference Group 


Reference 
(n = 3,707) 


Primary VF 
(n= 122) 


(%) (%) 


p Value 


Men 


Age group (year) 


AMI location 
Anterior 
Inferior 
Non-Q-AMI 
Previous AMI 
AP 
Hypertension 
Smoked cigarettes 
Mean age (years) 


AMI = acute myocardial infarction; AP = angina pectoris; NS = not significant; VF = 
ventricular fibrillation. 





tality after discharge yielded estimates of the covariate- 
adjusted predictive power of primary VF in early (in- 
hospital) mortality. The SAS software was utilized, spe- 
cifically the FREQ® and CATMOD’ procedures. 


RESULTS 

The incidence of primary VF in the SPRINT Reg- 
ister population was 2.1% (122 of 5,839). The latter 
rate did not vary markedly according to gender (men 
2.3%; women 1.5%), first (2.2%) versus recurrent AMI 
(1.6%), age, location of myocardial infarction and an- 
amnestic features (Table I). 

The characteristics of patients with primary VF are 
compared with those of the reference group in Table II. 
Patients with primary VF had the same mean age, simi- 


TABLE Ill Hospital Course With and Without Primary 
Ventricular Fibrillation 


Primary 
VF Reference 
(n=122) (n=3,707) 


(%) No. (%) pValue 


(12) 
(15) 
(18) 


Congestive heart failure* 
Paroxysmal AF 
AV block: 2nd- or 3rd-degree 
High enzyme level 
(>4 times upper normal levels) 
Creatine phosphokinase 
Glutamic oxaloacetic 
transaminase 
Lactic dehydrogenase 


(59) 
(60) 
(15) 
* Not observed on admission to coronary care unit or within 48 hours of hospital- 


ization. 
AV = atrioventricular: other abbreviations as in Tables | and II. 


TABLE IV |n-Hospital Mortality 





Primary VF Reference 
Case/Total (%) Case/Total p Value 
Men 17/99 (17) 184/2,828 (7) <0.01 
Women 6/23 (26) 131/879 (15) NS 
Age (years) 
<50 1/19 (5) 7/542 (1) NS 
51-69 9/75 (12) 158/2,278 (7) NS 
270 15/28 (54) 150/887 (17) <0.001 
First AMI 12/96 (13) 240/2,972 (8) NS 
Recurrent MI 8/23 (35) 66/700 (9) <0.001 
AP 12/48 (25) 167/1,728 (10) <0.001 
Hypertension 7/42 (17) 128/1,464 (9) NS 
Smoked cigarettes 11/67 (16) 76/1,897 (4) <0.001 
AMI location 
Anterior 16/52 (31) 150/1,434 (11) <0.01 
Inferior 4/57 (7) 127/1,621 (8) NS 
Non-Q-AMI 1/6 (17) 14/322 (4) NS 


Abbreviations as in Table |. 


lar percent of previous AMIs but a lower incidence of 
angina pectoris compared with those of the reference 
group. The hospital course of patients with primary VF 
was more complicated than that in the reference group 
(Table III). Paroxysmal atrial fibrillation and advanced 
atrial ventricular block occurred about twice as often in 
patients whose primary VF complicated the infarction 
as in the reference group. High serum enzyme levels of 
glutamic oxaloacetic transaminase and lactic dehydro- 
genase were frequently found in patients with primary 
VF. 

The most striking finding of this study was the ma- 
jor effect of primary VF complicating AMI on the in- 
hospital outcome (Table IV). Patients with primary VF 
had a twofold mortality rate (18.8%) compared with 
those in the reference group (8.5%). These statistics of 
higher relative risk of hospital fatalities in patients with 
primary VF persisted in different subsets of patients ac- 
cording to gender, age, and clinical history. In a logistic 
regression, the estimated odds ratio for hospital mortali- 
ty equaled 2.86 when adjusted only for age, and 2.52 
(95% confidence limits, 1.42 and 4.46) when adjusted 
for the combined effects of age, gender, location and 
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history of AMI, cerebrovascular accident and hyperten- 
sion and the percent of patients with serum lactic dehy- 
drogenase levels exceeding 4 times the upper normal 
limit. An appreciation of the usefulness of the analysis, 
is obtained by the proportion of in-hospital deaths 
(54.8%) occurring in those with the highest 20% proba- 
bility of mortality calculated by the logistic risk func- 
tion. 

The excess of in-hospital mortality among patients 
with primary VF was due to electromechanical dissocia- 
tion, cardiac rupture and standstill or intractable ar- 
rhythmia, but not due to pump failure. Thirteen pa- 
tients died instantaneously from intractable arrhyth- 
mias, most occurring during recurrent chest pain with 
new electrocardiographic changes of ischemia, conduc- 
tion disturbances, or both. Late hospital death after suc- 
cessful resuscitation occurred in 10 patients, 5 of whom 
had recurrent intractable arrhythmias. 

The Kaplan-Meyer survival curve, comparing mor- 
tality in patients with primary VF with that in reference 
patients is shown in Figure 1. Mortality rate over the 
first year after discharge was 3.0% for survivors of pri- 
mary VF (3 of 99 patients) and 6.5% in the reference 
group (difference not significant). Mortality rate 
through 1988 (4.5- to 6.5-year follow-up) was 16.2 and 
21.2% in the primary VF and reference groups, respec- 
tively. 


DISCUSSION 

The SPRINT Registry of patients with AMI, based 
on data of a large AMI patient group collected from 14 
of 21 coronary care units existing in Israel, established a 
reliable estimation of the incidence of primary VF. 
Most important, it has allowed the comparison of case 
fatality between patients with primary VF and counter- 
parts receiving comparable medical care. Our results in- 
dicating a primary VF incidence of 2.1% in the coro- 
nary care unit are in accord with a number of previous 
studies.?-'* We found that primary VF, complicating 
AMI, strongly predicted in-hospital mortality. Patients 
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FIGURE 1. Cumulative survival rate in patients with acute 
my infarction complicated with primary ventricular fi- 
brillation (VF) and in the reference group patients. 
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with Killip class I on admission to the coronary care 
unit had an in-hospital mortality rate of 18.8% if they 
presented with primary VF and only 8.5% if they did 
not. This highly significant statistical difference persist- 
ed for subsets of patients according to age, gender, dis- 
ease history and the location of the AMI on previous 
infarctions sustained by the patient, and was borne out 
by multivariate analysis, yielding a covariate-adjusted 
odds ratio of 2.52. The 95% confidence interval provides 
a large range for the mortality risk during the acute 
phase of AMI associated with primary VF, between 1.5 
and 4.5; however, it probably doubles the risk. 

Two recent pertinent studies reached conflicting con- 
clusions. In the Multicenter Investigation of the Limita- 
tion of Infarct Size study, 40 of 815 patients who pre- 
sented with primary ventricular tachycardia/VF had an 
in-hospital mortality rate (8%) comparable to patients 
without primary VF (7%). In the much larger thrombo- 
lytic study—The Italian Group for the Study of Strep- 
tokinase in Myocardial Infarction (GISSI)?—the large 
group of 326 patients with primary VF who had a first 
AMI showed twofold in-hospital mortality, as observed 
in comparison with the reference group (10.8 and 5.9%, 
respectively). 

The high rate of in-hospital mortality among pa- 
tients with AMI complicated by primary VF in GISSI 
and other clinical studies>!516 was attributed to the cor- 
relation between the size of AMI, defined enzymatically 
or morphologically, and the imcidence of VF. In our 
study, patients with primary VF, although in Killip 
class I, exhibited a higher rate of serious cardiac com- 
plications and a higher incidence of elevated serum en- 
zyme levels, supporting the view that AMI complication 
by primary VF is more extensive. 

However, looking at large infarctions, as estimated 
by markedly elevated serum enzyme levels, we still ob- 
serve (Table [V) an approximate twofold mortality as- 
sociated with primary VF. Given that the occurrence of 
primary VF and its outcome are not influenced by 
thrombolysis,'’ the extent of necrosis does not appear to 
provide a satisfactory explanation of excess mortality in 
the group with primary VF. In the latter group, we also 
did not observe an increase of deaths due to pump fail- 
ure. These results are dissimilar to the observations of 
Volpi et al.? 

The major question relating to the mechanism of ex- 
cess mortality found in patients with primary VF com- 
plicating AMI remains unresolved. No clinical trial 
could definitely determine whether primary VF was a 
marker for patients at increased risk of death or, alter- 
natively, VF increased the extent of the necrosis in the 
myocardium by a sudden decrease in coronary flow, 
thus acting as an independent prognostic factor. 

In our study most of the patients who died instan- 
taneously or during recurrent arrhythmias had chest 
pain with concomitant ischemic electrocardiographic 
changes, suggesting that primary VF becomes intracta- 
ble when occurring during an extension of the ischemic 
process. 

Finally, although the in-hospital prognosis of pa- 
tients with primary VF in AMI is clearly compromised, 
data from different studies indicate that these life- 


, overs r yok il ees) 


threatening arrhythmias did not interfere with the late 
prognosis of the hospital survivors of AMI.”!!:!8 Our 
own data showed comparable mortality in patients re- 
suscitated from primary VF and in control subjects in a 
prolonged follow-up period over an average 5.5 years. 
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APPENDIX 


SPRINT study group: Henry N. Neufeld, MD (de- 
ceased); Jacob Agmon, MD; Solomon Behar, MD; Uri Gold- 
bourt, PhD; Henrietta Reicher-Reiss, MD; Edward Abinader, 
MD; Jacob Barzilay, MD; Natalio Cristal, MD; Yaacov Fried- 
man, MD; Nissim Kauli, MD; Yehezkiel Kishon, MD; Abra- 
ham Palant, MD; Benyamin Peled, MD; Leonardo Reisin, MD; 
Egon Riss, MD (deceased); Zwi Schlesinger, MD; Izhar Za- 
havi, MD; Monty Zion, MD. 

Executive board: Chairman: Henry N. Neufeld, MD (de- 
ceased) (Sheba Medical Center, Tel Hashomer); Vice-Chair- 
man: Jacob Agmon, MD (Beilinson Medical Center Petach 
Tikvah)—Members: Principal Investigators. 

Participating centers, principal investigators and 
physicians: Assaf Harofeh Hospital, Zerifin: Principal Inves- 
tigator—Zwi Schlesinger, MD; physician—Moshe Algom, 
MD; Barzilai Medical Center, Ashkelon: Principal Investiga- 
tor—Leonardo Reisin, MD; physician—Newton Yalom, MD; 
Beilinson Medical Center, Petach Tikvah: Principal Investiga- 
tor—Yaacov Friedman, MD; Carmel Hospital and Medical 
“Lin” Haifa: Principal Investigator—Abraham Palant, MD; 
physician—Ephraim Mayer, MD; Central Emek Hospital, 
Afula: Principal Investigator—Jacob Barzilay, MD; physi- 
cian—Lev Bloch, MD; Hasharon Hospital, Petach Tikvah: 
Principal Investigator—Izhar Zahavi, MD; physician—Mena- 
chem Katz, MD; Hillel Yaffe Hospital, Hadera: Principal In- 
vestigator—Benyamin Peled, MD, MSc; physician—Zakki 
Abu-Moukh, MD; Kaplan Hospital, Rehovot: Principal Inves- 
tigator—Nissim Kauli, MD; physician—Emanuel Liebman, 
MD; Rambam Medical Center, Haifa: Principal Investiga- 
tor—Egon Riss, MD, MSc (deceased); physician—Jamil Hir, 
MD; Bnei Zion Center, Haifa: Principal Investigator—Edward 
Abinader, MD; acting Principal Investigator—Ehud Goldham- 
mer, MD; physician—Salim Maalouf, MD; Shaare Zedek 
Medical Center, Jerusalem: Principal Investigator—Monty 
Zion, MD; physicians—David Rosenmann, MD, Jonathan 
Balkin, MD; Sheba Medical Center, Tel Hashomer: Principal 
Investigator—Henrietta Reicher-Reiss, MD; Soroka Medical 
Center, Beersheva: Principal Investigator—Natalio Cristal, 
MD; physician—Galina Getz, MD; Wolfson Medical Center, 
Holon: Principal Investigator— Yehezkiel Kishon, MD; physi- 
cian—Ron Narinsky, MD; Coordinating Center, Sheba Medi- 
cal Center, Tel Hashomer: Solomon Behar, MD (Director), 
Uri Goldbourt, PhD (Epidemiologist), Henrietta Reicher- 
Reiss, MD (Critical Events Supervisor), Lori Mandelzweig, 
MPH. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Usefulness of Labetalol in Chronic 
Atrial Fibrillation 


Cheuk-Kit Wong, MB, MRCP, Chu-Pak Lau, MD, Wing-Hung Leung, MB, MRCP, 
and Chun-Ho Cheng, MB, MRCP 


Beta-adrenergic blocking agents are useful in con- 
trolling excessive ventricular rate in chronic atrial 
fibrillation (AF) but often reduce exercise capacity. 
To investigate the advantage of labetalol—a 
unique 8 blocker with a-blocking property—in 
chronic AF, 10 patients without underlying struc- 
tural heart disease were studied with treadmill test, 
12-minute walk and 24-hour ambulatory electro- 
cardiographic monitoring. Patients were random- 
ized and crossed over to receive 4 phases of treat- 
ment (placebo, digoxin, digoxin with half-dose labe- 
talol, and full-dose labetalol). Exercise durations 
were 14.1 + 1.5, 14.2 + 1.5, 16.1 + 1.1 and 15.6 
+ 1.1 minutes, respectively, indicating that labeta- 
lol did not reduce exercise tolerance. Although di- 
goxin had no advantage over placebo in controlling 
maximal heart rate (177 + 2 vs 175 + 3 beats/ 
min), labetalol, both as monotherapy or as an ad- 
junct to digoxin, was advantageous (156 + 4 vs 
177 + 2 beats/min, p <0.01, and 154 + 4 vs 177 
+ 2 beats/min, p <0.01, respectively). The rate- 
pressure product was consistently lowered by labe- 
talol at rest and during exercise. At peak exercise, 
the addition of labetalol to digoxin reduced the 
maximal rate-pressure product achieved from 
30,900 + 1300 to 24,100 + 2,000 mm Hg/min (p 
<0.01) and the maximal rate-pressure product was 
lowest with full-dose labetalol (22,300 + 1,600 
mm Hg/min). During submaximal exercise on 
treadmill or during the 12-minute walk, the combi- 
nation of labetalol and digoxin produced the best 
heart rate control, whereas labetalol monotherapy 
was comparable to digoxin therapy. During daily 
activities, digoxin failed to control the maximal ven- 
tricular rate (172 + 5 vs 174 + 7 beats/min with 
placebo) but the addition of labetalol was effica- 
cious (141 + 5 vs 172 + 5 beats/min; p <0.01). No 
bradycardia was recorded during labetalol treat- 
ment. Thus, labetalol improves heart rate control in 
chronic AF without decreasing exercise tolerance. 
(Am J Cardiol 1990;66:1212-—1215) 
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in chronic atrial fibrillation (AF)! but its effect is 

limited during exercise and other stress.2-!° The 
addition of a 8 blocker has been recommended®-? but its 
negative inotropic effect often diminishes exercise ca- 
pacity.?-'! Labetalol, with its unique property of com- 
bined a and § blockade, has a theoretical advantage of 
reducing myocardial work during exercise both by con- 
trolling the ventricular rate and by reducing afterload. 
Similar beneficial effects have been reported in patients 
with hypertension, coronary artery disease and conges- 
tive cardiomyopathy.'2-'® Most previous studies of the 
effect of drugs on chronic AF were performed on a het- 
erogeneous patient population with different underlying 
heart diseases,!-!1-1°-22 which altered the cardiac re- 
sponses during exercise.*? Thus, the reported difference 
in the efficacy of various therapeutic strategies in chron- 
ic AF could be related to the difference in patient selec- 
tion. In this study labetalol was evaluated in a homoge- 
neous group of patients without structural cardiac ab- 
normalities. The goal was to compare the efficacy of 
labetalol, in full dose or as an adjunct to digoxin, with 
placebo and digoxin monotherapy in chronic AF. 


D igoxin has traditionally been the drug of choice 


METHODS 

Patients: Eleven stable patients (9 men, 2 women; 
mean age + standard error of the mean 55 + 8 years) 
with chronic AF were included in the study. Except for 
2 patients who had controlled systemic hypertension (1 
receiving thiazide and 1 nifedipine therapy), all patients 
had normal cardiovascular systems. In particular, no 
patient had evidence of Wolff-Parkinson-White or sick 
sinus syndrome. All patients had been maintained on 
digoxin alone (0.25 mg/day) for treatment of AF for 
>12 months. The serum digoxin level was determined 
before entry and was considered therapeutic (1.1 + 0.4 
ng/ml). No patients had other major medical problems, 
such as obstructive airway disease, renal failure, Ray- 
naud’s phenomenon and alcoholism. All patients gave 
informed consent to the study. 

Study design: After enrollment, the patients were 
maintained on their usual treatment and entered a 
phase of dose titration for 2 to 3 weeks. Labetalol was 
given openly from a starting dose of 100 mg twice daily 
to a maximum dose of 400 mg twice daily, and the dos- 
ages of the original antihypertensive drugs in the 2 pa- 
tients were kept constant. Patients were then random- 
ized and crossed over to receive all of the following 4 
phases of treatment in a random sequence, with 10 to 
14 days on each phase, in a double-blind fashion: (1) 





TABLE | Results of Treadmill Exercise Tests 


Digoxin and 


Placebo Digoxin Labetalol Labetalol 


Ex. time (min) 14.141.5 
Resting HR (beats /min) 9345 
Peak Ex. HR (beats /min) 17523 
Resting SBP (mm Hg) 138+ 10 
Peak Ex. SBP (mm Hg) 17049 


Resting RPP (mm Hg/min) 
Peak Ex. RPP (mm Hg/min) 


13,000 + 1,300 
29,600 + 1,700 


14.24+1.5 16.1+1.1 15.6+1.1 
8145 7444 8243 
177+2 1544 4*t 156+ 4*1 
139+8 121 + 1048 117 +7*t 
17947 155 + 10#8 142 + 88 
11,300 + 1,100 
30,900 + 1,300 


9,000 + 1,000*8 
24,100 + 2,000*' 


9,700 + 900* 
22,300 + 1,600*t 


* p <0.01 when compared to placebo; t p <0.01 when compared to digoxin; * p <0.05 when compared to placebo; § p <0.05 when compared to digoxin. There was no significant 


difference between the labetalol group, and the labetalol and digoxin group. 


Ex. = exercise; HR = heart rate; RPP = rate-pressure product; SBP = systolic blood pressure. 


Values are mean + standard error of the mean. 


TABLE Il Heart Rate Response (beats /min) and Work 


(METS) During Treadmill Exercise and Recovery Period 


Digoxin 
and 
Placebo Digoxin Labetalol Labetalol Work 


Before exercise 93+5 7444 82+3 0 

6 minutes 1196 9845 1065 3 
12 minutes 13547 112+5* 1216 7 
Peak exercise 17543 154441 156+4tł 10 
l-minute recovery 13945 11747% 12845 0 
2-minute recovery 11345 10444 1123 0 


* p <0.05 when compared to placebo; t p <0.01 when compared to placebo; + p 
<0.01 when compared to digoxin. There was no significant difference between the 
labetalol group, and the labetalol and digoxin group. 

The work level at peak exercise represented the mean maximal work level 
achieved by all patients. Values are mean + standard error of the mean. 


placebo, (2) digoxin in their usual dosage (0.25 mg/ 
day), (3) digoxin (0.25 mg/day) with half-dose labeta- 
lol (half the maximum dose tolerated in the titration 
phase), and (4) full-dose labetalol. 

Assessment with treadmill exercise test, 12-minute 
walk and 24-hour ambulatory electrocardiographic re- 
cording was performed at the end of each phase of 
treatment. 

Testing procedure: All patients were initially famil- 
iarized with maximal exercise on the treadmill (Mar- 
quette Case, Marquette Electronics Inc.). Symptom- 
limited exercise test using the modified Bruce protocol, 
which started at a work level of 2 METs, was per- 
formed in the postabsorptive state. Blood pressure was 
measured with a sphygmomanometer and ventricular 
rate was determined by the number of QRS complexes 
in 30 seconds on the electrocardiographic recording. 
These measurements were taken before exercise, in the 
last 30 seconds of each stage of exercise until peak exer- 
cise, and in the first, second and fifth minute of recov- 
ery. Twenty-four-hour ambulatory electrocardiographic 
recordings were obtained after exercise tests and the pa- 
tients returned to their normal daily routines. The next 
day, while still on the monitor, they took a 12-minute 
walk in an enclosed corridor under the supervision of a 
physician. 

Statistical analysis: Multiple paired comparisons 
were made for the heart rate, blood pressure and rate- 
pressure product at each stage of the treadmill exercise 
test; for the maximal, minimal and average heart rate 








TABLE Ill Systolic Blood Pressure Response (mm Hg) and 
Work (METS) During Treadmill Exercise and Recovery 
Digoxin 
and 
Placebo Digoxin Labetalol Labetalol Work 


Before exercise 138410 13948 121410* 117+7tł 
6 minutes 153410 152410 132411*§ 11747? 
12 minutes 154412 16449 137412Tt 12749%*+ 


Peakexercise 17049 17547 155410*§8 14248%*8 
l-minute 16648 17648 159498 145+7* 


recovery 
2-minute 159+8 16747 15449 14447 
recovery 


* p <0.05 when compared to placebo; t p <0.01 when compared to placebo; * p 
<0.01 when compared to digoxin; § p <0.05 when compared to digoxin. There was 
no significant difference between the labetalol group and the labetalol and digoxin 
group. 

The work level at peak exercise represented the mean maximal work level 
achieved by all patients. 

Values are mean + standard error of the mean. 





during daytime activities and during sleep as recorded 
on the ambulatory monitor; and for the heart rate be- 
fore, in the first minute of and its mean rate during the 
12-minute walk. Data were paired between the 4 phases 
of treatment and were analyzed using the modified 
Bonferroni procedure.** All results were presented as 
mean + standard error of the mean. A p value <0.05 
after Bonferroni correction was considered statistically 
significant. 


RESULTS 

One patient did not tolerate labetalol because of pos- 
tural dizziness; 10 patients completed the study. Two 
patients tolerated only a maximum dose of 200 mg 
twice daily, whereas 8 tolerated 400 mg twice daily. 

Treadmill exercise performance: All patients 
stopped exercise because of dyspnea and fatigue. One 
patient had a short exercise time (<8 minutes), whereas 
the other 9 all tolerated =13 minutes. Data on this 1 
patient were thus used in the analysis of exercise time, 
resting and peak exercise parameters but not in the 
analysis of submaximal exercise parameters. Labetalol 
was not only superior to digoxin in controlling peak ex- 
ercise heart rate, but also appeared to enhance exercise 
tolerance (Table I). With submaximal exercise, labeta- 
lol monotherapy was comparable to digoxin in heart 
rate control and appeared more efficacious. than did di- 
goxin with more strenuous exercise (Table II). Systolic 
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TABLE IV Rate-Pressure Product (mm Hg/min) and Work (METS) During Treadmill Exercise and Recovery 


Placebo Digoxin 


11,300 + 1,100 
16,400 + 1,700 
22,400 + 2,000 
30,900 + 1,300 
24,400 + 1,700 
18,800 + 1,400 


Before exercise 

6 minutes 
12 minutes 
Peak exercise 
1-minute recovery 
2-minute recovery 


13,000 + 1,300 
18,600 + 2,100 
21,300 + 2,500 
29,600 + 1,700 
23,100 + 1,700 
18,100 + 1,500 


Digoxin and 
Labetalo! 


9,000 + 1,000*" 
12,800 + 1,200* 
15,600 + 1,800#§ 
24,100 + 2,000#5 
19,000 + 1,700#5 
15,900 + 1,000 


Labetalol 


9,700 + 900+ 
12,800 + 1,300* 
15,800 + 1,900*T 
22,300 + 1,600#5 
18,700 + 1,500T 
16,100 + 1,000 


* p <0.05 when compared to placebo; t p <0.05 when compared to digoxin; * p <0.01 when compared to placebo; $ p <0.01 when compared to digoxin. There was no significant 


difference between the labetalol group and the labetalol and digoxin group. 


The work level at peak exercise represented the mean maximal work level achieved by all patients. 


Values are mean + standard error of the mean. 


TABLE V Results of Heart Rate Variation (beats/min) on 
24-Hour Ambulatory Electrocardiographic Recording 


Digoxin 
and 
Labetalol 








Labetalol 


Maximal HR 17447 17245 141 +45*t 1538 
Minimal HR 6243 5344 514 6244 





Placebo Digoxin 
















Average rate 10245 91 +4 9045 9144 
during work 

Average rate 7343 65 + 3+ 6443 7143 
during sleep 







* p <0.01 when compared to placebo; ' p <0.01 when compared to digoxin. There 
was no significant difference between the labetalol! group and the labetalol and 
digoxin group. 

Values are mean + standard error of the mean. 

Abbreviations as in Table |. 







blood pressure (Table III) and rate-pressure product 
(Table IV) were both reduced by labetalol. 

Twenty-four-hour ambulatory electrocardiographic 
recording: The addition of labetalol to digoxin provided 
the best control of the maximal heart rate (Table V). 
Labetalol did not cause bradycardia. 

Twelve-minute walk: The only significant finding 
was of a reduced heart rate before the walk, with the 
combination of labetalol and digoxin, although both the 
first minute and mean heart rates during walking tend- 
ed to be lower with this combination therapy. 


DISCUSSION 

Previous studies of drug treatment in patients with 
chronic AF were performed in patients with a variety of 
different underlying cardiac lesions.'-!!:!9-22 Whereas a 
higher ventricular rate during exercise in patients with 
lone AF can compensate for the loss of synchronized 
atrial contraction,”’ a similar ventricular response in pa- 
tients with underlying mitral stenosis or ischemic heart 
disease is dangerous. Because differences in patient se- 
lection can obscure the effects of drug treatment, the 
homogeneous group of patients without structural heart 
disease in this study uniquely reveals the efficacy of la- 
betalol on the arrhythmia itself. 

Our results agree with previously reported data?-!° 
on the poor efficacy of digoxin in controlling heart rate 
during maximal exercise and stressful life events, as re- 
flected by the maximal recorded heart rate on the am- 
bulatory recordings. This limitation to the efficacy of 
digoxin has been related to its cholinergic mechanism 
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on atrioventricular conduction, which is overwhelmed 
by sympathetic discharges during stress or vigorous ex- 
ercise.+° The addition of a 6 blocker is theoretically ap- 
propriate but previous studies have demonstrated a re- 
duced exercise capacity with @ blocker therapy.?-!! 

In this study, labetalol appears advantageous, with 
improved heart rate control and preserved exercise ca- 
pacity. Although not reaching statistical significance, 
the exercise time is longer with labetalol. Previous stud- 
ies on the use of labetalol in essential hypertension, cor- 
onary artery disease and congestive cardiomyopa- 
thy!>16-18 reported improved exercise capacity, and it 
appeared that labetalol, through its unique combined a 
and 8 blockade properties, exerted favorable effects on 
both the ventricular rate and on peripheral vascular re- 
sistance, leading to a reduced rate-pressure product 
without compromising cardiac output.!2:!6!8 Other 
studies on the hemodynamic effects of oral or intrave- 
nous labetalol that used invasive and noninvasive meth- 
ods also reported a preserved cardiac output with reduc- 
tion in blood pressure.*>-?’ This contrasts with the effect 
of 6 blockers, which increase peripheral resistance and 
reduce cardiac output. 

Our observations in patients with chronic AF are 
similar to those of previous studies.?>-2’ Rate-pressure 
product is reduced from rest and submaximal increased 
to maximal exercise with labetalol. This is contributed 
to by both a well-controlled ventricular rate and a re- 
duced systolic pressure. As the rate-pressure product 
provides an index of myocardial oxygen consumption”® 
and, in patients with coronary artery disease, a marker 
of onset of angina and ischemic electrocardiographic 
changes,*?° a reduced rate-pressure product during ex- 
ercise should be advantageous, especially in patients 
with myocardial or coronary artery diseases. 

We have not found undue bradycardia on ambulato- 
ry recordings of our patients after administration of la- 
betalol. In previous reports studying labetalol in hyper- 
tensive patients, resting heart rate was also unaltered.?! 
The dosage used in this study was moderate?! and, as 
with other 6 blockers, 1 patient did not tolerate treat- 
ment. This experience is consistent with previously re- 
ported data on the use of labetalol in general practice in 
which there is a withdrawal rate of 5 to 10%.3! 

Clinical implications: Digoxin is ineffective in con- 
trolling ventricular response during stress or vigorous 
exercise. Labetalol can be a useful adjunct for achieving 
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heart rate control without sacrificing exercise capacity. 
For patients with chronic AF who tolerate labetalol, the 
drug is a good alternative to digoxin. This especially ap- 
plies to patients with underlying systemic hypertension 
or coronary artery disease, when a reduced rate-pres- 
sure product at rest and during exercise is particularly 
beneficial. 
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Usefulness of Combined Propranolol and 
Verapamil for Evaluation of Surgical Ablation of 
Accessory Atrioventricular Connections in 
Patients Without Structural Heart Disease 


Simón Milstein, MD, Ann Dunnigan, MD, Jeffrey Buetikofer, MD, David G. Benditt, MD, 
Jane Crosson, MD, and Edgar Pineda, MD 


Successful surgical ablation of atrioventricular (AV) 
accessory connections may be confirmed during 
postoperative electrophysiologic testing by the ab- 
sence of accessory connection conduction in both 
the anterograde and retrograde directions. Where- 
as the former may be readily apparent by examina- 
tion of the surface electrocardiogram during sinus 
rhythm or atrial pacing, assessment of the latter 
may be complicated by the frequent presence of en- 
hanced retrograde AV nodal conduction in the post- 
operative period. Consequently, availability of in- 
terventions that selectively affect AV nodal conduc- 
tion and refractoriness without concomitant effects 
on accessory connections may be helpful for as- 
sessing the success of the surgical procedure. In 
this study the effects of combined propranolol and 
verapamil administration on electrophysiologic 
properties of the AV node and the accessory AV 
connection were assessed both pre- and postopera- 
tively in 17 patients (12 men and 5 women, mean 
age 33 years) undergoing surgical ablation of ac- 
cessory connections. Preoperatively, electrophysio- 
logic characteristics of all but 1 of the accessory 
AV connections were unaffected by propranolol 
and verapamil administration. Postoperatively, on 
the other hand, propranolol and verapamil signifi- 
cantly prolonged both the retrograde AV node ef- 
fective refractory period (baseline: 272 + 34 ms vs 
after drugs: 384 + 70 ms [p <0.0001]) and the 
shortest cycle length maintaining 1:1 ventriculo- 
atrial conduction (baseline: 357 + 99 ms vs after 
drugs: 485 + 64 ms [p <0.0001]). Late postopera- 
tive electrophysiologic evaluation (7 + 3 weeks) re- 
vealed no evidence of residual accessory AV con- 
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nection conduction, and all patients remain asymp- 
tomatic at 21 + 10 months follow-up. Thus, the 
combined administration of propranolol and vera- 
pamil may prove helpful for differentiating between 
retrograde AV nodal and residual accessory con- 
nection conduction during early postoperative as- 
sessment of patients undergoing surgery for acces- 
sory AV connection ablation. 

(Am J Cardiol 1990;66:1216-1221) 


ventricular (AV) connections may be confirmed 

during postoperative electrophysiologic evalua- 
tion by establishing the absence of ventricular preexcita- 
tion, when it had been present preoperatively, by dem- 
onstrating ventriculoatrial dissociation, or both. The for- 
mer may be evident by examination of the surface 
electrocardiogram during sinus rhythm and atrial pac- 
ing, but alone does not exclude the presence of an acces- 
sory AV connection that conducts only in the retrograde 
direction. Consequently, demonstration of ventriculo- 
atrial dissociation during ventricular pacing is an inte- 
gral part of the postoperative assessment of the effec- 
tiveness of surgery. However, in the early postoperative 
period, many patients may exhibit excellent ventriculo- 
atrial conduction due to the effects of catecholamines or 
as a result of concomitant enhanced retrograde AV 
nodal conduction.' In some of these cases, the sequence 
of atrial activation during ventricular pacing may help 
to differentiate conduction through a residual accessory 
AV connection or the AV node, but this approach re- 
quires a multicatheter study and may be equivocal for 
septal accessory AV connections. On the other hand, 
maneuvers that selectively affect AV nodal conduction 
characteristics, without concomitant effects on the ac- 
cessory AV connection, may be helpful in the immedi- 
ate postoperative period for confirming the success of 
the surgical procedure. 

Propranolol and verapamil have profound negative 
dromotropic effects on the AV node, and are not gener- 
ally believed to exert direct effects on conduction over 
accessory AV connections. Thus, these agents may be 
useful for elucidating the nature of ventriculoatrial con- 
duction in patients who have recently undergone an at- 


T success of surgical ablation of accessory atrio- 
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ACERP = anterograde accessory connection ERP; ACRERP = retrograde accessory connection ERP; AH = AH interval; AVERP = anterograde AV node ERP; AVRERP = 
retrograde AV node ERP; ERP = effective refractory period; HV = HV interval; PA = PA interval; SCL = cycle length in sinus rhythm; SD = standard deviation. 


tempted ablation of an accessory AV connection, there- 
by distinguishing whether successful ablation of an ac- 
cessory AV connection had been achieved. To this end, 
we compared the effects of these drugs both preopera- 
tively and postoperatively on electrophysiologic proper- 
ties of the AV node and the accessory AV connection in 
17 patients undergoing surgical ablation of accessory 
AV connections. 


METHODS 

Patient group: Seventeen patients referred to the 
Clinical Electrophysiology Laboratory of the University 
of Minnesota Hospital for surgical ablation of accessory 
AV connections form the basis for this report. Exclusion 
criteria included left ventricular dysfunction of suffi- 
cient severity to contraindicate combined propranolol 
and verapamil administration, bronchial asthma, diabe- 
tes mellitus or known or suspected history of adverse 
reaction to propranolol or verapamil. All patients under- 
went complete medical history and physical examina- 
tion, 12-lead electrocardiogram, chest roentgenogram, 
echocardiogram, and electrophysiologic studies before 


and after a surgical procedure to ablate the accessory 
AV connection(s). Patients >40 years also underwent 
coronary angiography before surgery. 
Electrophysiologic studies: PREOPERATIVE ELECTRO- 
PHYSIOLOGIC STUDY: Patients were studied in the postab- 
sorptive state, 272 hours after discontinuation of all 
antiarrhythmic drugs. Quadripolar electrode catheters 
were positioned in the high right atrium, right ventricu- 
lar apex and coronary sinus, and across the tricuspid 
valve for His bundle recording. Standard methodology 
for intracardiac recordings and programmed stimula- 
tion were used to determine the electrophysiologic prop- 
erties of the normal AV conduction system and the ac- 
cessory AV connection.? Extrastimulus testing for de- 
termination of atrial and ventricular effective refractory 
periods (ERPs) were undertaken at 2 basic pacing cycle 
lengths (600 and 400 ms). Incremental pacing to the 
point of AV and ventriculoatrial block were performed 
from the high right atrium and right ventricular apex, 
respectively. Upon completion of baseline study, pa- 
tients were administered intravenous propranolol, 0.02 
to 0.05 mg/kg, followed by intravenous verapamil, 0.10 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15, 1990 1217 








> Ns 
q $ .' 
: 7 





to 0.15 mg/kg. Programmed stimulation was repeated 
beginning approximately 10 minutes later, with all stud- 
ies completed within 30 minutes of drug administration. 

POSTOPERATIVE ELECTROPHYSIOLOGIC STUDY: Electro- 
physiologic evaluation was performed immediately after 
surgery, 24 hours postoperatively, 5 to 7 days postopera- 
tively and 6 to 8 weeks postoperatively. In the first week 
after surgery, studies were performed in the absence of 
antiarrhythmic medications using epicardial electrodes 
sutured to the right atrial appendage and anterior night 
ventricle. Atrial and ventricular extrastimulus testing 
was performed at cycle lengths comparable to those 
used in the preoperative study. Atrial and ventricular 
incremental pacing was similarly performed to assess 
anterograde and retrograde conduction. All studies were 
then repeated 10 minutes after combined intravenous 
administration of propranolol and verapamil (doses as 
in preoperative studies). The methodology of the 6 to 8 
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FIGURE 1. A, histograms depicting effects of combined pro- 
pranolol (Propr) and verapamil (Verap) administration on pro- 
longation of both anterograde atrioventricular (AV) nodal ef- 
fective refractory period (ERP) and the shortest cycle length 
maintaining 1:1 anterograde conduction over the AV node 
during preoperative evaluation. B, histograms summarizing 
effects of propranolol and verapamil on anterograde and ret- 
rograde accessory connection ERP and shortest cycle length 
maintaining 1:1 conduction during preoperative evaluation. 
AVERP = anteregrade AV node ERP; AVminCL = shortest 
cycle length maintaining 1:1 anterograde conduction over the 
AV node; ACERP = anterograde accessory ; 


grade accessory connection ERP; ACRminCL = shortest cycle 
length maintaining 1:1 retrograde conduction over the acces- 
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weeks postoperative electrophysiologic assessment was 
similar to that used during preoperative electrophysio- 
logic evaluation. However, we do not routinely use a 
coronary sinus catheter during postoperative electro- 
physiologic evaluation unless specifically indicated by 
the electrophysiologic findings, and none was required 
in this group of patients. 

Definitions: Previously published standard defini- 
tions for ERP measurements as well as shortest cycle 
length maintaining 1:1 conduction over the AV node 
and the accessory AV connection were used in this 
study. 

Data analysis: Electrophysiologic properties of the 
AV node and accessory AV connections were compared 
before and after propranolol and verapamil administra- 
tion in each study. For statistical purposes the postoper- 
ative data used were those obtained during the 24-hour 
postoperative electrophysiologic assessment. In patients 
with multiple accessory AV connections, the connection 
with the shortest ERP was analyzed. Refractory periods 
obtained at a basic drive cycle length of 400 ms were 
used for comparison. The Student ¢ test for paired or 


TABLE Il Postoperative Electrophysiologic Findings 
Patient SCL AVERP AVRERP 
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unpaired observations, as appropriate, was used to as- 
sess the statistical significance of differences between 
electrophysiologic measurements obtained in the base- 
line state and after propranolol-verapamil administra- 
tion. A p value <0.05 was considered significant. 


RESULTS 

Patients: Seventeen patients, 12 men and 5 women, 
ages 9 to 61 years (mean + standard deviation 33 + 16) 
were included in this study. In all patients there was no 
evidence of structural heart disease. 

Preoperative electrophysiologic study: Seventeen 
patients had 19 accessory AV connections; 15 accessory 
AV connections were bidirectional and 4 conducted 
only in the retrograde direction (“concealed”). In 2 pa- 
tients who had 2 accessory AV connections each (pa- 
tients 9 and 17) only the connection with the shortest 
ERP was analyzed. One of the bidirectional accessory 
AV connections manifested only intermittent ventricu- 
lar preexcitation and is included in the study as a con- 
cealed accessory AV connection. Consequently, the ef- 
fects of propranolol and verapamil were assessed in 
patients having 12 accessory AV connections with an- 
terograde conduction and 17 with retrograde conduc- 
tion. Ten accessory connections crossed the AV groove 
in the left ventricular free wall region, 4 were in the 
posteroseptal region, 2 were along the right ventricular 
free wall and 1 was in the anteroseptal region. 

Table I summarizes basic conduction intervals and 
refractory periods of the AV node and accessory AV 
connections before and after propranolol and verapamil 
administration during the preoperative electrophysiolog- 
ic study. Figure 1A shows a comparison of AV nodal 
anterograde refractoriness before and after pharmaco- 
logic intervention in the preoperative evaluation, where- 
as Figure 1B depicts accessory AV connection refrac- 
toriness in the same setting. Baseline (drug-free) 
evaluation of retrograde AV nodal conduction and re- 
fractoriness could only be obtained in 3 patients (pa- 
tients 10, 16 and 17), because the ERPs of the accesso- 
ry AV connections were shorter than those of the AV 
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FIGURE 2. Histograms illustrating the effects of propranolol 
and verapamil on anterograde and retrograde AV nodal re- 
fractoriness during ative evaluation. AVRERP = ret- 
rograde AV node ERP; AVRminCL = shortest cycle length 
maintaining 1:1 retrograde conduction over the AV node; oth- 
er abbreviations as in Figure 1. 





node in 14 of the 17 patients. However, among these 3 
patients, retrograde AV nodal conduction and refrac- 
toriness could not be evaluated after propranolol and 
verapamil administration because AV node refractori- 
ness prolonged beyond accessory connection refractori- 
ness. Not unexpectedly, propranolol and verapamil sig- 
nificantly prolonged AV nodal conduction time and 
refractoriness in all patients in whom AV nodal electro- 
physiologic properties could be evaluated (Table I). 
Conversely, in all but 1 patient (patient 4), electrophysi- 
ologic properties of accessory AV connections were un- 
affected by combined pharmacologic effects of propran- 
olol and verapamil (Table I). In this case the accessory 
AV connection was a concealed left free wall accessory 
AV connection in which the retrograde effective refrac- 
tory period was prolonged from 240 to 320 ms after 
drug infusion. 

Postoperative electrophysiologic study: Two pa- 
tients (patients 7 and 14) had ventriculoatrial dissocia- 
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FIGURE 3. A, graph depicting the effects of propranolol and 
verapamil administration during right ventricular extrastimu- 
lus testing in the preoperative evaluation of patient 8. Note the 
mposed V; to V2 versus A; to A2 curves before (open 
circles) and after (dots) propranolol-verapamil administration. 
A, to A2 measurements illustrated are those from the His bun- 
die (HB) recording site. B, postoperative assessment of ven- 
triculoatrial conduction during right ventricular extrastimulus 
testing in patient 8. Curves resulting from plotting V; to V2 
versus A; to A2 intervals (from the right atrial recording site) 
before and after verapamil administration differ 
markedly. The curve obtained before drugs (open circles) is 
nearly identical to the accessory 
curve in A. RA = right atrial recording site; other abbrevia- 
tions as in Figure 1. 
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tion at all testable ventricular paced rates immediately 
after surgery, and consequently the effects of proprano- 
lol and verapamil could not be evaluated. Additionally, 
1 patient (patient 1) developed ventriculoatrial dissocia- 
tion after the drugs were administered and findings in 
this patient could not be used for statistical comparison. 
Consequently, effects of propranolol and verapamil on 
AV nodal conduction characteristics were evaluated in 
the anterograde direction in 17 patients and in the ret- 
rograde direction in 14 patients (Table II). 

Eleven patients had a retrograde AV node ERP of 
<300 ms, and it was in this group of patients that drug 
testing proved particularly useful. Figure 2 shows AV 
node ERP measurements before and after drug infusion 
in the postoperative evaluation. Propranolol and verapa- 
mil significantly prolonged both the retrograde AV 
node ERP, and the shortest cycle length maintaining 
1:1 retrograde AV nodal conduction (Table II). Differ- 
ences in response to propranolol and verapamil before 
and after surgery (comparison of Figures 1B and 2) im- 
plies successful accessory AV connection ablation and 
retrograde conduction over the AV node. 

Follow-up: Late postoperative evaluation (7 + 3 
weeks) revealed a lack of inducible reciprocating tachy- 
cardia and no evidence of residual accessory AV con- 
nection conduction. Further, all patients have remained 
asymptomatic from an arrhythmic point of view during 
a 21-month (+ 10) follow-up period. 


DISCUSSION 

Findings in this study demonstrate that the com- 
bined pharmacologic effects of propranolol and verapa- 
mil do not significantly alter electrophysiologic proper- 
ties of accessory AV connections in the majority of pa- 
tients undergoimg accessory AV connection surgical 
ablation, whereas they do slow conduction and prolong 
refractoriness of the AV node in both the anterograde 
and retrograde direction in these same patients. Conse- 
quently, these observations provide a rationale for the 
use of combined propranolol and verapamil administra- 
tion as an aid for differentiating conduction over residu- 
al accessory AV connection tissue from enhanced retro- 
grade AV nodal conduction in the postoperative assess- 
ment of patients undergoing surgical ablation of 
accessory AV connections. 

Effects of propranolol and verapamil on the atrio- 
ventricular node: Propranolol has a negative dromo- 
tropic effect on the AV node as a result of competitive 
binding to -adrenergic receptor sites.’ Verapamil, a 
calcium channel inhibitor, similarly exhibits a well rec- 
ognized negative dromotropic effect on the AV node, 
but it also reduces systemic vascular resistance through 
its effects on vascular smooth muscle.’ The latter effect 
may result in reflex sympathetic discharge that may in- 
directly counteract verapamil’s direct negative dromo- 
tropic effect on the AV node. Consequently, an additive 
effect of propranolol and verapamil on AV nodal de- 
pression of conduction and refractoriness is to be ex- 
pected, and indeed was previously demonstrated by Yee 
et al. 
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Effects of propranolol and verapamil on accessory 
atrioventricular connections: Previous reports detailing 
the use of combined 6-adrenergic blockers and calcium 
antagonist drugs in patients with accessory connections 
suggest that only a minority of accessory connections 
(<10%) are affected by these agents. Yeh et alf evalu- 
ated effects of a single oral dose of diltiazem and pro- 
pranolol in 15 patients with recurrent paroxysmal su- 
praventricular tachycardia. In 13 of these patients an 
accessory AV connection was part of the reentrant cir- 
cuit. None of the accessory connections had a signifi- 
cant drug-induced change in anterograde or retrograde 
electrophysiologic properties. Conversely, in 2 patients 
with AV nodal reciprocating tachycardia (one with 
“fast-slow” and the other with “slow-fast” AV nodal 
reentry), diltiazem and propranolol resulted in signifi- 
cant prolongation of retrograde refractoriness and ven- 
triculoatrial dissociation, respectively. Harper et al’ 
studied the effects of verapamil in 12 patients with 
Wolff-Parkinson-White syndrome. They found that ve- 
rapamil did not affect the anterograde or retrograde ef- 
fective refractory period of the accessory connection, 
but prolonged by up to 10% the shortest cycle length 
maintaining 1:1 conduction over the accessory AV con- 
nection in the anterograde direction in some patients. 
Nonetheless, a 10% prolongation in the shortest cycle 
length maintaining 1:1 conduction over the accessory 
connection is much less than the 30% prolongation of 
shortest cycle length maintaining 1:1 conduction over 
the AV node demonstrated in this study (Figure 1A). In 
addition, the test is not as important for assessing con- 
duction in the anterograde direction (where ventricular 
preexcitation is usually obvious) as it is for evaluating 
conduction in the retrograde direction, where enhanced 
AV nodal conduction may be otherwise almost impossi- 
ble to differentiate from conduction over a residual ac- 
cessory connection (Figure 3). 

Yee et alë studied the effects of combined proprano- 
lol and verapamil in 14 patients with paroxysmal supra- 
ventricular tachycardia. While the drugs affected an- 
terograde and retrograde AV nodal conduction and re- 
fractoriness in 4 patients with AV nodal reciprocating 
tachycardia, they did not affect anterograde or retro- 
grade conduction and refractoriness in 9 patients with 
conventional accessory connections, and affected retro- 
grade conduction in only 1 patient with an AV node-like 
accessory connection. 

Study limitations: Interpretation of the results of 
this study is subject to limitations. First, the use of vera- 
pamil to differentiate AV node from accessory connec- 
tion conduction relies on a relative absence of calcium 
channel antagonist effects on accessory AV connections. 
However, Tai et al® reported both direct and indirect 
effects of verapamil in 5 of 31 patients with accessory 
connections. In 3 patients the effect of verapamil on the 
accessory connection was due to functional block secon- 
dary to alternating fast-slow conduction over the AV 
node. In 2 other patients there was evidence for direct 
verapamil-induced impairment on accessory connection 
conduction and refractoriness. In 1 of our patients with 
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a left free wall accessory connection, combined propran- 
olol-verapamil administration during preoperative elec- 
trophysiologic study revealed a similar effect, manifest- 
ed by prolongation of conduction and refractoriness in 
the accessory connection. This example highlights the 
importance of a thorough preoperative evaluation of the 
effects of the drugs on accessory connection properties 
as a preliminary step to their use in the postoperative 
assessment. Thus, if a direct negative dromotropic effect 
of these drugs on the accessory connection is confirmed 
preoperatively, they should not be used during postoper- 
ative evaluation of the success of surgery. Second, none 
of our patients had residual accessory AV connections 
in postoperative electrophysiologic studies. Consequent- 
ly, the potential for prolongation of conduction and re- 
fractoriness in partially damaged but incompletely ab- 
lated accessory AV connections after drug administra- 
tion cannot be unequivocally excluded. Lastly, safety of 
infusion of drugs with combined negative chronotropic, 
dromotropic and inotropic effects in the immediate 
postoperative period might reasonably raise concern. In 
our experience, only transient moderate hypotension 
and heart rate slowing occurred. However, our study 
population comprised only patients with normal sinus 
node and normal left ventricular function, characteris- 
tics not uncommon among patients undergoing accesso- 
ry AV connection surgical ablation. Presumably, indi- 
viduals with abnormal sinus node function or clincally 
significant left ventricular dysfunction would not be ap- 
propriate candidates for this drug combination. Ulti- 
mately, availability of short-acting drugs without delete- 
rious hemodynamic effects, such as adenosine or adeno- 
sine triphosphate, may be helpful in these patients.”:'° 
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Long-Term Effect of Mexiletine on Left 
Ventricular Function and Relation to 
Suppression of Ventricular Arrhythmia 
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The effects of oral mexiletine on left ventricular 
(LV) ejection fraction (EF) and ventricular arrhyth- 
mias—and a possible relation between these ef- 
fects—were evaluated during 3 months of therapy 
in 29 patients with chronic ventricular premature 
complexes (VPCs) and a moderately reduced to 
normal LVEF by 24-hour Holter monitoring and by 
radionuclide ventriculography at rest and during 
maximum tolerable exercise testing. After an aver- 
age titration period of 13 days, a mean daily mexi- 
letine dose of 739 mg was maintained throughout 
the treatment. At the end of titration and after 3 
months of treatment, patients with a baseline LVEF 
<40% (group 2) responded with a median reduc- 
tion of the hourly VPC rate by 90 and 81%, re- 
spectively, compared with 79 and 72% in those 
with a baseline LVEF >40% (group 1). Couplets 
and runs of ventricular tachycardia were aimost 
completely suppressed in nearly all patients. A sin- 
gle patient had a proarrhythmic increase in VPCs 
during treatment. Compared with baseline, there 
were no significant changes in resting or exercise 
LVEF after 1 or 3 months of treatment in either of 
the 2 groups of patients. No correlation was found 
between treatment-induced changes in arrhythmia 
frequency and in resting EF. No symptoms of con- 
gestive heart failure developed. The study confirms 
that long-term use of mexiletine is efficacious and 
relatively free of cardiac depressant effects even in 
patients with diminished LV function. 

(Am J Cardiol 1990;66:1222-1227) 
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serious problems in patients with depressed left 

ventricular (LV) function or chronic congestive 
heart failure because such patients tend to be less re- 
sponsive to conventional antiarrhythmic drug therapy 
than those with normal LV function.!? Patients with 
LV dysfunction also appear to be more vulnerable to 
possible negative inotropic effects of antiarrhythmic 
drugs and to drug-induced aggravation of arrhyth- 
mia.!.3.4 

Studies with mexiletine in patients with a history of 
myocardial infarction,*° LV dysfunction and congestive 
heart failure’? as well as in normal subjects!? have not 
shown important adverse effects of this agent on cardio- 
vascular performance. 

In the open-label 3-month study reported here, we 
assessed the chronic effect of oral mexiletine on LV 
function in patients with a normal to moderately re- 
duced ejection fraction (EF) and examined at the same 
time a possible relation between this effect and the sup- 
pression of ventricular premature complexes (VPCs). 


T= treatment of ventricular arrhythmias presents 


METHODS 

Study design: In this study, conducted at 2 clinical 
centers, patients who had previously been treated with 
antiarrhythmic drugs first entered a placebo washout 
period, equaling in duration at least 5 half-lives of the 
drug they had taken last. For all patients, this was fol- 
lowed by a 3-day placebo control period designed to es- 
tablish the patient’s eligibility and to secure baseline 
readings. In both of these periods, 1 placebo capsule was 
administered every 8 hours. 

Qualifying patients began titration to determine a 
tolerable and effective dose of mexiletine. The incre- 
mental doses tested were one 200-mg capsule, two 150- 
mg capsules, and two 200-mg capsules at dosage inter- 
vals of 8 hours for total daily doses of 600, 900 and 
1,200 mg. Each dose was taken for 1 week. An ade- 
quate response was considered to be a decrease of 
>70% in the hourly VPC rate (in accordance with the 
efficacy criterion used in the Cardiac Arrhythmia Pilot 
Study!!). Patients who had intolerable adverse reactions 
or who failed to show the requisite degree of arrhythmia 
suppression at the highest dose were withdrawn from 
the study. After titration, the patients entered a stable- 
dose treatment period in which they were instructed to 
continue taking the same titrated dose at 8-hour iuter- 
vals until 3 months had passed since the first day of 
mexiletine administration. 


Structural EF (%) 
Heart 
Disease Baseline 


* These patients had measurements only at 1 month or at the end of titration. 


VPCs /Hour 


Mexiletine Baseline 


Couplets / Hour VT /Hour 


Mexiletine Baseline Mexiletine Baseline Mexiletine 


oOoo°O 
— — 


— 


0 
0. 
0 
0 
0 
0 
0 
0 
0 


N 
W 


oooor 
N N 


O 


eooo°o°o°c”]o 


CAD = coronary artery disease; EF = left ventricular ejection fraction at rest; IDC = idiopathic dilated cardiomyopathy; SH = systemic hypertension; VPC = ventricular premature 


complexes; VT = ventricular tachycardia. 


Patient selection and characteristics: Patients se- 
lected for this study were between 21 and 75 years old 
and had chronic ventricular arrhythmias at an average 
VPC rate of 230 beats/hour, as established by two 24- 
hour ambulatory electrocardiographic recordings and a 
resting LVEF 225%. Patients with hypotension, atrio- 
ventricular block, supraventricular arrhythmias and 
acute myocardial infarction or symptoms of acute con- 
gestive heart failure within the last 6 weeks were not 
admissible. 

In all, 49 men aged 45 to 74 years (mean 64) were 
admitted. Twenty patients were excluded from analysis 
of the study results: 13 discontinued treatment prema- 
turely because of intolerance of mexiletine (9 in the ti- 
tration phase and 4 in the stable-dose phase); 3 were 
lost to follow-up (in titration phase); 2 were found not 
to meet the entrance criteria (during titration), whereas 
1 patient failed to respond (in titration phase) and 
1 developed a medical complication (in stable-dose 
phase). Thus, 29 patients were available for evaluation. 

and observations: All patients had 
their history taken and underwent a physical examina- 
tion at the beginning of the placebo washout or placebo 
control period. Two Holter recordings were obtained 
during the first 2 days of the control phase. Patient vis- 
its were scheduled once a week during the titration 
phase and at the end of each month of stable-dose treat- 
ment. Laboratory tests done on the first day of the pla- 
cebo control period and at the end of each month of the 
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chronic treatment phase comprised a complete blood 
count and chemistry and liver profiles. An electrocar- 
diogram recorded at the end of the control period was 
compared with electrocardiograms obtained at the end 
of each titration period and at the end of 1 and 3 
months of treatment. For the arrhythmia response, a 
24-hour Holter recording was obtained toward the end 
of each titration period and at the end of the 3-month 
treatment (including titration). The results of ambulato- 
ry electrocardiographic monitoring were interpreted by 
a third party who was blinded to the nature of the treat- 
ment. * 

In this study, nonsustained ventricular tachycardia 
was defined as 3 to 9 consecutive ventricular complexes, 
and sustained ventricular tachycardia as >10 ventricu- 
lar complexes. 

The patients were further examined for symptoms 
and signs of congestive heart failure at the end of the 
placebo control period, at the end of titration, and at the 
end of 1, 2 and 3 months of maintenance treatment. 
LVEF was measured noninvasively, with the patient in 
sinus rhythm, both at rest and during symptom-limited 
maximal stress exercise by the method of multigated 
acquisition equilibrium blood pool scanning at the end 


*For quality control, 5% of all Holter recordings from this study 
were audited for reproducibility and accuracy. The audit covered a 
randomly selected period of 4 consecutive hours from each Holter 
recording. 
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TABLE II Mean Resting Left Ventricular Ejection Fractions and Mean Hourly Frequencies (with Standard Deviations) and Median 


Percent Reductions of Ventricular Arrhythmias 


LVEF (%) 
VPCs /Hour 


o End of 
Baseline Baseline Titrat. 3 Months 


All 
patients 
Median % 
reduction 


Group 1 
Baseline 54 238 39 
EF > 40% (211) (35) 
Median % _ 79 
reduction 


Group 2 
Baseline 33 35 332 48 
EF < 40% (7) (6) (9) (300) (46) 
Median % — — — — 90 
reduction 


Couplets /Hour VT /Hour 
End of End of 


Baseline Titrat ©3Months’ Baseline Titrat. 3 Months 


3.4 
(3.7) 


LVEF = left ventricular ejection fraction; titrat. = titration; VPC = ventricular premature complexes; VT = ventricular tachycardia. 


of the control period and at the end of 1 and 3 months 
of mexiletine therapy. The results were again interpret- 
ed by a third party blinded to the treatment.* 

Methods of evaluation: The 29 patients with evalua- 
ble data were classified into 2 groups: one that had rest- 
ing baseline EFs >40% (group 1, n = 18) and one in 
which resting LVEF at baseline was <40% (group 2, n 
= 11). 

The 29 patients included 3 from whom data were 
available only at the end of titration or 1 month of ther- 
apy, and 1 from whom data were available only at the 
end of the 3-month stable-dose phase. Both 1- and 3- 
month measurements were obtained for the remaining 
25 patients. Of the 49 patients originally admitted, 48 
were available for other safety evaluations; one was ex- 
cluded because he was lost to follow-up before the first 
treatment evaluation visit. 

A paired ¢ test was used to analyze changes in 
LVEF between baseline and after 1 and 3 months of 
mexiletine treatment. Changes in LVEF produced by 
exercise testing after 1 and 3 months of treatment were 
compared with the exercise-induced changes at baseline, 
using the signed rank test. Inasmuch as these derived 
data were not normally distributed, median values are 
presented. In 46 patients who had a follow-up electro- 
cardiogram to the baseline recording, mean changes in 
the PR, QRS and QTc intervals were evaluated. 

To determine whether any aggravation of arrhyth- 
mia should be classified as a proarrhythmic effect of the 
drug, reference was made to the criteria for proarrhyth- 
mic effects used in the Cardiac Arrhythmia Pilot 
Study!! to evaluate increases in VPC frequency. Assess- 
ments were made on the basis of the last Holter record- 


*The accuracy of these measurements was validated by periodic 


audits involving comparison of the results with those obtained by cardi- 
ac catheterization, echocardiography, or both. 
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ing obtained after treatment compared with the baseline 
24-hour recording. 

Blood pressures and pulse rates recorded at each 
clinic visit during treatment were compared with those 
recorded before treatment. 


RESULTS 

Titration and dosage: A total of 34 patients com- 
pleted the titration phase after an average of 13 days 
from the first mexiletine dose. Mean daily doses at the 
end of titration were 739 mg for all patients, whereas 
the mean for group 1 (LVEF >40%) was 750 mg and 
that for group 2 (LVEF <40%) 720 mg. Most patients 
responded to a mexiletine dose of 200 mg 3 times daily. 
Capsule counts showed that compliance was 280% in 
virtually all patients. 

Antiarrhythmic effect and left ventricular function: 
The individual 29 patients’ ages. diagnoses and baseline 
values together with end-of-treatment readings of rest- 
ing EF and hourly frequencies of VPCs, couplets and 
ventricular tachycardia are listed in Table I. At base- 
line, at the end of titration and at the end of treatment, 
all runs of ventricular tachycardia were nonsustained 
except for 1 run of <50 beats that occurred at baseline 
in patient 10. 

Mean resting LVEF values and mean and median 
percent changes from baseline in the hourly frequencies 
of VPCs, couplets and nonsustained ventricular tachy- 
cardia at the different study intervals are listed for all 
evaluable patients, as well as separately for each of the 
2 groups, in Table II. The efficacy criterion for VPC 
suppression was satisfied, with some variation over the 
course of the study. 

LVEF at rest measured in each of the 29 patients 
from baseline until the end of the stable-dose period is 
shown graphically for groups 1 and 2 in Figures 1 and 
2. Mean changes from baseline were not statistically 


significant. After 1 month of mexiletine therapy, mean 
change was a 2% increase; group | patients with the 
higher baseline EF showed a slightly smaller mean in- 
crease (1.6%) than group 2 (2.6%). At the end of the 3- 
month treatment, changes were even smaller in both 
groups, averaging +0.7 and —0.3% in groups | and 2, 
respectively, and +0.3% in the 2 groups combined. 

Similarly, mean EF changes from baseline at the 
maximum tolerable exercise level were small for all pa- 
tients (a decrease from 49.0 to 46.5%) as well as in each 
of the 2 patient groups (—2.8% in group 1 and —3.9% in 
group 2) after 1 month of mexiletine therapy. After 3 
months, mean change from the baseline exercise EF 
was only 1% in all patients. In group 1, the change from 
baseline was practically nil (—0.1%), whereas a mean 
increase of 2.2% was seen in group 2. 

The effect of mexiletine treatment on the EF re- 
sponse to exercise is presented in Table III. After treat- 
ment, median changes with exercise were slightly more 
positive in group 2 than in group 1, particularly at the 
l-month interval, but did not prove statistically signifi- 
cant when compared with the responses to exercise at 


FIGURE 1. Resting left ventricular ejec- 
tion fraction during mexiletine treatment 
in each of 18 patients with a baseline ejec- 
tion fraction >40% (+ = mean ejection 
fraction). 


EJECTION FRACTION (%) 


FIGURE 2. Resting left ventricular ejec- 
tion fraction during mexiletine treatment 
in each of 11 patients with a baseline ejec- 
tion fraction <40% (+ = mean ejection 
fraction). 
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TABLE Ill Exercise-induced Median Changes in Left 
Ventricular Ejection Fraction (LVEF) Before and After 
Mexiletine Treatment (Change Computed as EF at Maximal 
Tolerated Exercise Level Minus Resting EF) 


Mexiletine 
Treatment 


1 Month 3Months 


Baseline 


(n= 25) 
+4.0% 


(n = 24) 
+3.5% 


All patients 
Median change with exercise 
Group 1 
EF at baseline > 40% 
Median change with exercise 
Group 2 
EF at baseline < 40% 
Median change with exercise 


(n = 16) 
+3.5% 


(n= 13) 
+3.0% 


(n=9) 
+7.0% 


(n=11) 
+4.0% 


baseline. Changes from the baseline responses to exer- 
cise reached statistical significance (p = 0.04) only for 
group | after 1 month of treatment, while bordering on 
significance (p = 0.05) for the 2 groups combined. In 
no case were they clinically significant, however. 
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FIGURE 3. Relation between change in left ventricular ejection fraction and change in hourly ventricular premature complex 
treatment. 


(VPC) rate in each patient after 1 and 3 months of mexiletine 


Another objective of our study was to determine 
whether changes in arrhythmia frequency in response to 
treatment were correlated with changes induced in 
LVEF. Scatter plots (Figure 3) of changes in hourly 
VPC rate and (resting) EF in individual patients at 1 
and 3 months failed to show any relation between the 
individual values of these 2 parameters. 

Other safety observations: [n the 29 patients, mean 
blood pressures increased slightly in the course of the 
study: mean systolic blood pressure increased by 3 mm 
Hg and mean diastolic by 4 mm Hg. There were no 
appreciable changes in pulse rates. 

Mean PR, QRS and QTc intervals at the end of 
treatment were substantially unchanged from those re- 
corded at baseline. One patient who had cardiomyopa- 
thy and a baseline resting EF of 38% had an increase of 
proarrhythmic magnitude in the VPC rate after 3 
months of mexiletine treatment, while ventricular 
tachycardia remained completely suppressed and cou- 
plet activity was almost completely absent. 

Adverse experiences: Of the 49 patients originally 
admitted, 13 discontinued treatment because of adverse 
experiences probably related to mexiletine. Nine of 
these withdrawals occurred during titration and were 
occasioned by gastrointestinal complaints such as nau- 
sea, vomiting and diarrhea in 10 cases, and by central or 
peripheral nervous system symptoms such as dizziness, 
tremor and weakness in 8 cases; 5 patients had both 
gastrointestinal and nervous symptoms. Among the 29 
patients with analyzable arrhythmia and EF data, 11 or 
40% had generally mild untoward reactions that were 

_ probably drug-related, including tremor, dizziness, nau- 
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sea and abdominal discomfort. One of these patients 
withdrew from the study prematurely because of a com- 
bination of these adverse reactions. 


DISCUSSION 

The present study has confirmed previous observa- 
tions’? based on measurements of LVEF by gated pool 
radionuclide ventriculography that mexiletine treatment 
does not significantly affect LV function in patients in 
whom this was moderately to markedly impaired at the 
time of entry into the study. The significance of EF re- 
sponse to exercise as a measure of the contractile re- 
serve of the myocardium, and the usefulness of exercise 
data recorded by radionuclide angiography for evalua- 
tion of the hemodynamic effects of antiarrhythmic 
drugs, particularly in patients with depressed LV func- 
tion at rest, have been emphasized by a number of in- 
vestigators.'2-'4 Although an increase of 25% absolute 
EF over a normal resting value has been termed a nor- 
mal response to symptom-limited exercise,! no change 
or a decrease in EF during exercise has been noted in 
some patients with cardiomyopathy'® and with coronary 
artery disease.'? Our 29 patients responded to exercise 
before mexiletine treatment with a median increase of 
5%. The median response to exercise was reduced after 
1 and 3 months of mexiletine treatment in the group 
with a baseline EF >40% but showed a small increase 
over baseline at both study intervals in the group who 
had a baseline EF <40%. 

In a recently published retrospective study!’ of 6 
antiarrhythmic drugs, mexiletine was found to be asso- 
ciated with the second lowest incidence, after lorcainide, 


of newly induced or worsened existing congestive heart 
failure (0.9 and 2.0%, respectively). In our study, which 
included 5 patients with a baseline EF below 35%, none 
of the patients developed symptoms or signs of conges- 
tive heart failure during mexiletine therapy. 

Results comparable to ours were obtained by Rut- 
ledge et al, who used daily mexiletine doses up to 1,200 
mg in patients with a mean baseline LVEF of 32% dur- 
ing an average treatment period of 14 months, and by 
Sami and Lisbona? in patients with coronary artery dis- 
ease and congestive heart failure, most of whom re- 
quired daily doses of 600 to 900 mg for control of ven- 
tricular tachycardia. In neither of these studies were 
any significant changes in LVEF seen during mexiletine 
therapy. 

The average arrhythmia suppression rates obtained 
with mexiletine measured up to the efficacy criteria ap- 
plied but showed a slight decline at the end of 3 months 
of treatment, during which no dose adjustments were 
allowed. 

We also determined whether any relation exists be- 
tween the effect of mexiletine on LVEF and its success 
in suppressing ventricular arrhythmias. Not unexpect- 
edly, group 2 patients (i.e., those with more severe ven- 
tricular dysfunction) had a higher mean hourly VPC 
frequency at baseline than group 1 and, perhaps be- 
cause of this, responded to mexiletine with a greater av- 
erage reduction than did group 1. However, the scatter 
plots of our individual patients’ changes in VPC rate 
and EF over the course of the study show no correlation 
between the magnitude of the treatment effect on LV 
furiction and the degree of arrhythmia suppression. This 
finding is at variance with the observations of Meissner 
et al.'8 These investigators assessed the suppression of 
inducible ventricular tachycardia or ventricular fibrilla- 
tion in the electrophysiologic laboratory, whereas we as- 
sessed the suppression of spontaneous VPCs and sponta- 
neous ventricular tachycardia by ambulatory Holter 
electrocardiography. 

Our results, including the observed absence of any 
significant changes in blood pressure, heart rate or elec- 
trocardiographic intervals and the lack of any symptoms 
of congestive heart failure after mexiletine treatment, 
substantiate previously published clinical data suggest- 





ing that long-term use of oral mexiletine is efficacious 
and relatively free of cardiac depressant effects, even in 
patients with diminished LV function. We found no evi- 
dence of any correlation between treatment-induced 
changes in LVEF and the suppression of arrhythmias. 
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SYSTEMIC HYPERTENSION 


Effectiveness of the Once-Daily Calcium 
Antagonist, Lacidipine, in Controlling 
24-Hour Ambulatory Blood Pressure 
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N aE FL ee a aS = Lae SANER SES 
The efficacy of the new once-daily dihydropyridine 


calcium antagonist, lacidipine, in reducing ambula- 
tory intraarterial blood pressure (BP) was exam- 
ined in 12 untreated hypertensive patients. The in- 
traarterial recording was commenced 24 hours be- 
fore the first 4-mg dose and was continued for a 
further 24 hours thereafter. After dose titration 
and chronic therapy, a second 24-hour ambulatory 
BP recording was made. There was a steady onset 
of drug action, maximal at 2 hours, but with a re- 
flex tachycardia after the first dose. Chronic ad- 
ministration reduced BP throughout the 24-hour 
period, without tachycardia. Mean daytime reduc- 
tion in BP was 20 mm Hg systolic (p <0.005) and 
12 mm Hg diastolic (p <0.02). Mean nighttime re- 
duction was 8—mm Hg systolic (p <0.05) and 6- 
mm Hg diastolic (difference not significant). There 
was no postural decrease in BP on 60° head-up tilt- 
ing and hypotensive action was maintained during 
isometric exercise (reduction at peak of 32/18 mm 
Hg, p <0.05) and throughout dynamic exercise (re- 
duction at peak of 23/14 mm Hg, p <0.05). Lacidi- 
pine is an effective once-daily antihypertensive 
agent, with good control of stress response. 

(Am J Cardiol 1990;66:1228-1232) 
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nist that has been shown to have typical pharma- 

cologic activity but with a longer duration of ac- 
tion and greater potency on a weight-for-weight basis. It 
has a selective peripheral vasodilatory action that results 
in a reduction in peripheral vascular resistance, a com- 
pensatory increase in heart rate and an increase in 
stroke volume. In healthy volunteers a significant reduc- 
tion in blood pressure (BP) has been detected 24 hours 
after dosing on a once-daily dosage regimen. Dose titra- 
tion studies in patients with mild to moderate hyperten- 
sion have demonstrated a dose-related antihypertensive 
activity over the range of 2 to 6 mg (data on company 
file, Glaxo Group Research, Ltd., Greenford, Middle- 
sex, United Kingdom). This study determines the pro- 
file of BP reduction by lacidipine over 24 hours after a 
single daily dose in ambulatory hypertensive patients. 
The efficacy of the drug in controlling BP during iso- 
metric and dynamic exercise, and its effects on postural 
BP control were also assessed. 


| acidipine is a new dihydropyridine calcium antago- 


METHODS 

Patients: Patients were recruited from the Harrow 
Hypertension Clinic. They were considered for inclusion 
in the study if their clinical diastolic BP, measured 
sphygmomanometrically, was 295 mm Hg after 3 con- 
secutive visits at least 1 week apart, during which period 
they had not been receiving any medication. Both men 
and women between the ages of 21 and 75 years were 
screened for inclusion, but women of child-bearing po- 
tential were excluded, as were those with secondary or 
malignant hypertension, other cardiac disease, or any 
other clinically important pathologic condition. 

All patients gave written informed consent, and the 
study was approved by the Harrow Health Authority 
ethics committee. 

Study design: This was an open study, with dose ti- 
tration from 4 to 8 mg. It has been shown that there is 
no placebo effect on intraarterial BP measurements! 
and we considered a placebo arm to be unethical in an 
invasive BP monitoring study. 

At entry, BP was measured using a mercury-in-glass 
sphygmomanometer. If the entry criteria were satisfied, 
intraarterial ambulatory recording was begun. The next 
day, after 24 hours of monitoring, patients underwent a 
program of physiologic testing before receiving their 
first dose of lacidipine 4 mg. Monitoring was continued 
for a further 24 hours, after which the intraarterial can- 


nula was removed. Patients continued to take lacidipine 
4 mg once daily at 10 am for 2 weeks. 

At the 2-week visit, 3 cuff BP measurements were 
recorded. If BP control was satisfactory (average dia- 
stolic BP 290 mm Hg, or a decrease in average diastol- 
ic BP of 215 mm Hg) patients continued on the same 
dose for at least another 2 weeks, and then underwent a 
second period of intraarterial BP monitoring, commenc- 
ing immediately after the morning dose. Physiologic 
testing was performed at the end of the 24-hour period, 
before removal of the cannula. Patients whose diastolic 
BP was not controlled were given 6 mg of lacidipine for 
another 2-week period, and, if still not controlled, the 
dose was then increased to 8 mg/day. BP was checked 
by cuff at 2-week intervals and arrangements made for 
the second period of monitoring when it had been satis- 
factorily controlled on a stable dose for 4 weeks. Blood 
and urine samples were taken for routine hematologic 
and biochemical screening at entry, after 4 weeks and at 
completion of the study. 

Intraarterial ambulatory blood pressure recording: 
The technique of ambulatory BP monitoring used in 
this laboratory has been previously fully documented. 
A disposable 3Fr gauge cannula was introduced into the 
brachial artery of the nondominant arm under local an- 
esthesia, using a sterile Seldinger technique. This was 
connected through a 1-m length of tubing to a specially 
designed transducer-perfusion unit, which infused hepa- 
rinized saline in a concentration of 10 IU/ml at a rate 
of 1.5 X ml/hour. The BP signal from the transducer 
and the electrocardiogram from bipolar chest leads 
were recorded on a miniature tape recorder (Oxford 
Medilog MK 1), which also incorporated a time chan- 
nel with an event marker. BP frequency response was 
flat from 0 to 8 Hz. The equipment is designed so that 
patients may be fully ambulant and carry out their nor- 
mal daily activities. 

Physiologic testing: After 24 hours of ambulatory 
recording, the patients underwent a standardized series 
of physiologic tests, beginning with 20 minutes of supine 
rest, followed by 60° head-up tilt maintained for 2 min- 
utes. Isometric exercise was then performed, using 50% 
of maximum voluntary contraction on a handgrip dyna- 
mometer, maintained for 2 minutes. After >5 minutes 
rest, patients commenced maximal dynamic exercise us- 
ing bicycle ergometry, beginning at a work load of 50 
W and increasing by 50-W increments. Each work load 
was maintained for 5 minutes unless stopped at the pa- 
tient’s request. 

Analysis of data: The ambulatory tape recordings 
were replayed and written out on a linear direct-writing 
recorder (Watanabe) to allow assessment of analog sig- 
nal quality and elimination of any artifact. Hourly sec- 
tions were analyzed on a dedicated computer to give 
mean levels of systolic and diastolic BP and heart rate. 
Hourly mean values for all the patients were pooled, 
and curves were constructed to show the 24-hour pro- 
files of BP and heart rate before treatment, after the 
first dose, and at the completion of lacidipine therapy. 
Mean daytime and nighttime pressures were calculated* 
and the differences between untreated, first dose and 





eX 


chronic dose values were compared using Student’s 
paired f test (2-tailed). Because there was a slight varia- 
tion in the exact time of administration of the first dose, 
the BP for the 6 hours from the time of dosing in each 
patient was calculated and compared with the same 6 
hours from the previous day. 

BP and heart rate during the last 5 minutes of su- 
pine rest, and during tilt, isometric and dynamic exer- 
cise were computed using a standard digitizing pro- 
gram, which has been described previously. Results be- 
fore and after treatment with lacidipine were compared 
using Student’s paired ¢ test (2-tailed). Mean values of 
sphygmomanometric measurements of BP at entry into 
the study and on the final day of treatment were pooled 
and compared, again using Student’s paired ¢ test (2- 
tailed). A p value <0.05 was considered significant. 


RESULTS 

Clinical course: Twelve patients (4 men, 8 women), 
mean age 54 years (range 41 to 70), were entered into 
the study. One patient had a very severe headache after 
the first dose (4 mg) of lacidipine and refused to con- 
tinue. The data from this patient were included in the 
analysis of the first dose response, but were excluded 
thereafter. The other 11 patients completed the study. 
One patient failed to take her first dose of lacidipine 
until 4 pm, and her data were excluded from analysis for 
the 24-hour profile after the first dose. She was, how- 
ever, included in all other analyses. Hypertension in 2 
patients was controlled with 4 mg of lacidipine; 7 pa- 
tients were titrated to 6 mg and 2 to 8 mg. 

Seven patients complained of headache, flushing or 
fullness in the head during the course of therapy. In 2 
patients this was after the first dose, 1 of whom subse- 
quently withdrew. In 5, it occurred later and persisted, 
but was not severe enough to cause the patients to with- 
draw from the study. Three patients developed severe 
ankle edema when taking a dose of 6 mg. All these pa- 
tients completed the study, but in 1 an indicated dose 
increment to 8 mg was withheld. No patient developed 
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FIGURE 1. Mean heart rate and blood pressure measured 
sphygmomanometrically before and after chronic dosing with 
lacidipine. Bars represent standard error. 
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| TABLE I Intraarterial Blood Pressure and Heart Rate During 


Physiologic Tests 


No. 
Pts. Untreated Treated pValue 





Supine rest (last 50f 20min) 9 


Systolic BP (mm Hg) 161 136 <0.05 
Diastolic BP (mm Hg) 90 78 NS 
Heart rate (beats /min™!) 83 84 NS 

Head-up tilt 

15 seconds 9 
Systolic BP (mm Hg) 170 136 <0.02 
Diastolic BP (mm Hg) 99 81 <0.005 
Heart rate (beats /min~!) 90 89 NS 

30 seconds 9 
Systolic BP (mm Hg) 170 138 <0.05 
Diastolic BP (mm Hg) 102 82 <0.05 
Heart rate (beats /min~') 87 89 NS 

60 seconds 9 
Systolic BP (mm Hg) 169 144 NS 
Diastolic BP (mm Hg) 104 86 <0.05 
Heart rate (beats /min™') 90 91 NS 

90 seconds 9 
Systolic BP (mm Hg) 172 144 <0.05 
Diastolic BP (mm Hg) 104 86 <0.05 
Heart rate (beats /min~‘) 90 92 NS 


BP = blood pressure; NS = not significant. 


any significant hematologic or biochemical derange- 
ment during the course of the study. 

Pooled systolic and diastolic BP measurements for 
11 patients at entry and completion of the study are 
shown in Figure 1. Both systolic and diastolic BPs were 
significantly reduced, and no change in heart rate was 
noted. 

Intraarterial ambulatory blood pressure: Technical- 
ly adequate BP recordings were obtained in all patients. 


e Untreated — p<0.005 
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FIGURE 2. Blood pressure and heart rate during the 6 hours 
after the first dose of lacidipine, compared with the same 6 
hours the previous day. 
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BP and heart rate response to the first dose of lacidipine 
is shown in Figure 2. BP decreased steadily from dosing 
and a significant reduction was demonstrated 2 hours 
after dosing. 

The 24-hour profiles plotted from consecutive mean 
hourly BPs and heart rates in 11 patients, untreated and 
after their first 4-mg dose of lacidipine, are shown in 
Figure 3A, and similar profiles for 11 patients, untreat- 
ed and after 4 weeks of therapy at their maximal titrat- 
ed dose, are shown in Figure 3B. A significant reduction 
in daytime pressure was observed after the first dose, 
but the curves coincided by 8 pm. A similar coincidence 
was seen after full dose titration, but in this case the 
curves then divided again and a significant reduction in 
both systolic and diastolic BP was observed at 9 aM, 23 
hours after the last dose of the drug. After full dose 
titration, there was a reduction in mean daytime BP of 
20/12 mm Hg (p <0.05 systolic, p <0.02 diastolic) and 
a reduction in mean nighttime pressure of 8/6 mm Hg 
(p <0.05 systolic, difference not significant for diastol- 
ic). No significant change in heart rate was demon- 
strated. 

BP and heart rates during rest and for 90 seconds of 
60° head-up tilt are listed in Table I. BP at peak of 
isometric handgrip in untreated patients and approxi- 
mately 22 hours after the last titrated dose of the drug 
is shown in Figure 4. BP was significantly reduced by 
therapy in all these physiologic tests, but no significant 
postural drop occurred on tilting. BP and heart rates 
during bicycle dynamic exercise before and at comple- 
tion of therapy are shown in Figure 5. BP was signifi- 
cantly reduced (p <0.05) during bicycle exercise up to 
the fifth minute, when 9 patients were still exercising. 
The trend was continued throughout exercise, but insuf- 
ficient numbers of patients exercised longer than 5 min- 
utes for the differences to be meaningful. There was no 
difference in the percent increase in BP from rest to 
peak exercise between treatment assessment before and 
after treatment during either isometric or dynamic exer- 
cise. 


DISCUSSION 

The effect of calcium antagonist drugs in reducing 
BP is mediated by a reduction in vascular smooth mus- 
cle tone,° thereby reducing the raised peripheral vascu- 
lar resistance, which is the consistent hemodynamic ab- 
normality in essential hypertension.” This vasodilation 
may, however, result in a reflex tachycardia, orthostatic 
hypotension, flushing and headache. These adverse ef- 
fects may be reduced by the use of long-acting or slow- 
release preparations, which achieve a smooth plasma 
level without sudden peaks.’ Moreover, it has been sug- 
gested that compliance is improved by once-daily thera- 
pies,!° especially in asymptomatic conditions such as hy- 
pertension.'! Thus, a calcium antagonist with an effec- 
tive 24-hour duration of action should be useful in the 
treatment of this condition. 

Our results show that BP decreased gradually after 
the first dose of lacidipine, with no acute decrease in 
pressure, and, after optimal dose titration to suit indi- 
vidual patient requirements, lacidipine effected a 
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FIGURE 3. Twenty-four hour blood pres- 
sure curves in 11 patients. Left panel, un- 
treated and after their first 4 mg dose of 
lacidipine; right panel, untreated and after 
full-dose titration (4 to 8 weeks treat- 
ment). 
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FIGURE 4. Mean blood pressure and heart rate at peak of iso- 
metric exercise. Bars represent standard error. 


smooth reduction in BP throughout 24 hours, with a 
mean daytime reduction of the same order as other cal- 
cium antagonists.™!>!3 Although a reflex tachycardia 
occurred after the first dose of the drug, heart rate at 
the end of the treatment period was similar to the rate 
at baseline, suggesting a “resetting” of the baroreceptor 
reflex. This is consistent with the suggestion outlined 
above—that vasodilatory side effects may be reduced 
once a steady plasma level is achieved. Firm conclusions 
about the incidence of headache and ankle-swelling that 
persisted at the end of the treatment period cannot be 
made, as only a small number of patients were studied. 

We believe it is prognostically important to reduce 
BP throughout 24 hours, both at rest and during stress, 
although data to confirm this are not available. Other 
investigators have suggested that basal BP,'* early 
morning increase in BP!> and the BP response to nor- 
mal daily stress!® are more closely associated with car- 
diovascular events than is the casual daytime BP. Nev- 
ertheless, it is by casual clinical BPs, measured sphyg- 
momanometrically, that BP control must of necessity be 
assessed. Thus, we measured mean daytime and mean 
nighttime intraarterial pressures, and the BP response 
to isometric and dynamic exercise and also cuff BPs at 
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FIGURE 5. Mean blood pressure and heart rate during bicycle 
exercise. Bars represent standard error. 


entry and completion of the study. Like other calcium 
antagonists, lacidipine did not affect diurnal variation, 
or the proportional increase in BP during exercise, as 
would be expected with a drug that does not alter auto- 
nomic tone. Nevertheless, 24-hour BP reduction is 
achieved with this drug. 
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CONGENITAL HEART DISEASE 


Atenolol Therapy for Exercise-induced 
Hypertension After Aortic Coarctation Repair 


Rae-Ellen W. Kavey, MD, John L. Cotton, MD, and Marie S. Blackman, MD 


After successful repair of coarctation of the aorta 
in childhood, exercise-induced upper body systolic 
hypertension is well documented. Beta blockade 
has been shown to reduce the arm/leg gradient in 
untreated coarctation of the aorta; treatment be- 
fore coarctation repair has decreased paradoxical 
hypertension after repair. Ten patients with suc- 
cessful surgical repair of coarctation, defined as a 
resting arm/leg gradient of <18 mm Hg, were eval- 
uated by treadmill exercise before and after 8 
blockade with atenolol. Mean age was 5.5 years at 
repair and 18 at study. At baseline evaluation, sys- 
tolic blood pressures at termination of exercise 
ranged from 201 to 270 mm Hg (mean 229 mm 
Hg). Arm/leg gradients at exercise termination 
ranged from 30 to 143 mm Hg (mean 84). Follow- 
up treadmill exercise studies were performed after 
B blockade. Upper extremity systolic pressures at 
exercise termination were normalized in 9 of 10 
patients. Maximal systolic blood pressure recorded 
at exercise termination ranged from 163 to 223 
mm Hg (mean 196 mm Hg, p <0.005). Arm/leg 
gradient at termination of exercise also decreased 
significantly to a mean of 51 mm Hg (p <0.05). No 
patient had symptoms on atenolol and exercise en- 
durance times were unchanged. 

The study results in this small series suggest 
that cardioselective 6 blockade can be used to treat 
exercise-induced upper body hypertension effec- 
tively after surgical repair of coarctation. Because 
a high incidence of premature cardiovascular dis- 
ease has been well documented after satisfactory 
surgical repair, the findings are of importance for 
this group of postoperative patients. 

(Am J Cardiol 1990;66:1233-1236) 
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to exercise after repair of coarctation of the aor- 

ta has been well described.'-> Such hypertension 
theoretically leaves patients at an accelerated risk for 
acquired cardiovascular disease despite satisfactory sur- 
gical repair with elimination of resting upper extremity 
hypertension and arm/leg pressure gradients. Long- 
term follow-up studies have documented significant car- 
diovascular morbidity and premature mortality in pa- 
tients who have undergone satisfactory surgical repair 
of coarctation.*’ Persistent systolic hypertension in the 
context of increased cardiac output, such as with exer- 
cise, would be anticipated to contribute to this. Pharma- 
cologic treatment with 6 blockade has been shown to 
reduce upper limb hypertension and arm/leg gradient 
before coarctation repair.!° Treatment with 6 blockade 
before coarctation repair has resulted in a significant 
decrease in acute paradoxical hypertension postopera- 
tively.'' This study was undertaken to evaluate the ef- 
fect of cardioselective 8 blockade on exercise-induced 
upper extremity hypertension and arm/leg gradient af- 
ter coarctation repair. 


A n exaggerated upper body hypertensive response 


METHODS 

The records of the Division of Pediatric Cardiology 
were reviewed for patients >10 years of age who had 
undergone previous repair of isolated coarctation of the 
aorta. To exclude residual coarctation of the aorta as 
the cause of hypertension, only patients with resting 
arm/leg systolic blood pressure difference <18 mm Hg 
were considered for inclusion. Those who had under- 
gone previous treadmill testing with exercise-induced 
upper extremity systolic blood pressure 2220 mm Hg, 
or arm/leg gradient 230 mm Hg, or both, were con- 
tacted; of these, 13 agreed to undergo evaluation. 

Treadmill exercise: [nitial blood pressure measure- 
ments were taken in the supine position. Right arm 
blood pressure was determined with an oscillometric de- 
vice (Dinamapp Model 1846SX) using a cuff of appro- 
priate size. Blood pressures taken in this way have been 
shown to correlate well with direct central aortic and 
radial artery pressures.!>!3 Right leg systolic blood 
pressure was determined using a standard leg cuff on 
the thigh with a Doppler probe over the popliteal artery. 
Heart rate and rhythm were monitored continuously us- 
ing leads V;, Vs; and aVF. Patients were exercised using 
the modified Bruce protocol. Right arm and leg blood 
pressures were recorded immediately after termination 
of exercise, as were heart rate and electrocardiogram. 
These determinations were repeated every 2 minutes 
throughout the 10-minute recovery period. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15,1990 1233 





ory 


SNP PS ay a eR 
ent. r L 


STARRY 


Er y le RS. ' f 
ire y 
yy 


TABLE I Characteristics of Study Group 


Age at Years of 
Pts. Repair (yr) Follow-Up 


Surgical 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Technique 


Baseline BP 
A/L Grad 


126/76, 14 
120/70. 3 
132/70. 0 
136/60. 18 
118/50. 0 
144/80,9 
140/78. 15 
126/82. 0 
147/77.0 
126/62, 0 


Exercise BP 
A/L Grad 


249/69, 109 
260/80, 122 
210/80, 30 
270/65, 69 
220/60, 91 
220/70, 143 
240/60, 73 
201/68, 63 
216/84, 74 
207 /67, 65 


Atenolol BP 
A/L Grad 


209 /63, 79 
185/70, 28 
191/61, 39 
214/72, 18 
163/65, 51 
203 /76, 60 
196/61, 66 
165/57, 30 
203/60, 33 


223/68, 109 


hal 


A/L Grad = systolic blood pressure difference in mm Hg between right arm and either leg; BP = blood pressure; PA = patch angiopiasty; R/ E = resection and end-to-end 


anastomosis; SFA = subclavian flap angioplasty. 





Of the 13 potential patients, 10 demonstrated upper 
extremity systolic blood pressure 2220 mm Hg, or 
arm/leg gradient 230 mm Hg, or both, with treadmill 
evaluation. Each patient was begun on atenolol 50 mg 
once in the morning. Patients were reevaluated within 4 
weeks. Resting and exercise heart rates were not de- 
creased by 25% in 6 patients, so the dose of atenolol was 
increased until effective 8 blockade was achieved. 
Treadmill blood pressure results on this final dosage are 
those reported. Of the 10 patients, 4 were receiving 
atenolol 50 mg, 1 was receiving 75 mg and 5 were re- 
ceiving 100 mg at the time of this report. 


RESULTS 

Study results are listed in Table I. On pretesting 
evaluation (before exercise testing), systolic blood pres- 
sures ranged from 106 to 140 mm Hg (mean 128). 
While all pressures were within the normal range, the 
systolic blood pressure was above the 80th percentile in 
8 of 10 patients when compared with age- and gender- 
specific normal subjects.'* Diastolic blood pressures 
were normal in all subjects. Resting arm/leg gradients 
were only present in 5 patients and ranged from 3 to 18 
mm Hg (mean 7). 

At baseline treadmill evaluation, resting systolic 
blood pressures in the upper extremity were higher, 
ranging from 117 to 153 mm Hg; systolic blood pres- 
sures in 9 of 10 patients were above the 95th percentile 
compared with age- and gender-specific normal sub- 
jects. Diastolic blood pressures were unchanged. Arm/ 
leg gradients were present in 8 patients, ranging from 7 
to 36 mm Hg (mean 13). The increase in systolic blood 
pressure and in arm/leg gradient before treadmill test- 
ing was attributed to anticipatory anxiety. Peak exercise 
heart rates reached the predicted maximum in all pa- 
tients, ranging from 186 to 202 per minute. Upper ex- 
tremity systolic blood pressures at exercise termination 
ranged from 201 to 270 mm Hg (mean 229). Arm/leg 
gradients increased in all patients with a range of 30 to 
143 mm Hg and a mean of 84. 

After 8 blockade with atenolol, resting heart rates 
significantly decreased to a mean of 62 per minute 
(range 47 to 75 p $0.005). Resting upper extremity 
blood pressures also significantly decreased to 115 to 
143 mm Hg (mean 129). Although this did not reach 
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statistical significance, systolic blood pressures did fall 
into the normal range in 7 of 10 patients. Arm/leg gra- 
dients persisted at rest with atenolol in 7 patients, rang- 
ing from 7 to 19 mm Hg. With atenolol, peak exercise 
heart rates were significantly reduced to a mean of 154 
per minute (p <0.005). Upper extremity systolic blood 
pressures at exercise termination normalized in 9 of 10 
patients, as shown in Figure 1. The maximal systolic 
blood pressure recorded at peak exercise ranged from 
163 to 223 mm Hg (mean 196), a significant decrease 
compared with baseline reading (p <0.005). Exercise 
arm/leg gradients also significantly decreased to a 
mean of 51 mm Hg (p $0.05). In 1 patient, effective 6 
blockade did not decrease systolic hypertension with ex- 
ercise and treatment was discontinued. No patient had 
symptoms related to atenolol therapy. Endurance times 
after 8 blockade did not differ significantly from times 
before treatment (Figure 2). 


DISCUSSION 

In this group of patients, studied after satisfactory 
surgical repair of coarctation of the aorta, severe exer- 
cise-induced upper extremity systolic hypertension was 
effectively treated by cardioselective 8 blockade. Blood 
pressure response to exercise normalized, and arm/leg 
gradients were reduced. Patients had no symptoms re- 
lated to atenolol either during the study or on follow-up 
(now of 24 months), and treadmill endurance times 
were unchanged. Cardioselective 6 blockade would ap- 
pear to be a safe and effective way to treat exercise- 
induced upper limb hypertension in this context. 

Many mechanisms have been proposed as the etiolo- 
gy of this hypertensive response. Beekman et al!5 dem- 
onstrated altered baroreceptor function in patients who 
remain hypertensive after satisfactory coarctation re- 
pair; this mechanism may contribute to the hypertensive 
response to exercise even when resting blood pressures 
are normal. Histologically, the aortic wall before coarc- 
tation has been shown to be more rigid than the wall 
below coarctation and this difference may well persist 
after surgical repair.'© Increased vascular resistance and 
abnormal reactivity in the upper extremities, with nor- 
mal resistance and reactivity in the lower extremities, 
has been demonstrated long after coarctation repair!’-'’; 
this could certainly contribute to the hypertensive re- 





Exercise Induced 
Systolic Arm BP 


FIGURE 1. Systolic blood pressure (BP) at exercise termina- 
tion in the 10 study patients before (1) and after (2) 8 block- 
ade with atenolol. 


sponse to exercise. A minimal residual anatomic nar- 
rowing may result in no significant systolic gradient at 
rest as well; however, with the increased cardiac output 
with exercise, the same mild degree of narrowing can 
result in a significant gradient and in upper extremity 
hypertension.*:!° It seems likely that some combination 
of these mechanisms represents the etiology of exercise- 
induced upper extremity hypertension after satisfactory 
surgical repair of coarctation. 

Beta blockade is known to produce a powerful sup- 
pression of the cardiac chronotropic response to exer- 
cise. Concurrently, systolic blood pressure is reduced at 
rest and at all levels of exercise. Cumming and Mir,!° in 
a catheterization study of patients with coarctation, 
used propranolol to demonstrate that the decrease in 





Change in Endurance with Atenolol Treatment 


1 Pretreatment 
Atenclol 


Endurence time (minutes) 


Patient Number 


FIGURE 2. Treadmill exercise endurance times in the 10 
study patients before and after 8 blockade with atenolol. 


blood pressure after 6 blockade is due to a decrease in 
cardiac output mediated almost entirely by the decrease 
in heart rate, with little if any decrease in stroke vol- 
ume. Cardioselective 8 blockade with atenolol has been 
shown to produce the same hemodynamic response as 
nonselective 8 blockade with propranolol.” Potentially 
important humoral and metabolic effects of nonselective 
8 blockade are avoided by using atenolol. 

Late follow-up studies after coarctation repair dem- 
onstrate important residual problems. In particular, a 
high incidence of premature cardiovascular disease has 
been well documented, with a significant risk for early 
mortality even with apparently satisfactory surgical re- 
pair.°? The duration of preoperative hypertension has 
been identified as a significant risk factor for persistent 
hypertension and early cardiovascular disease.®°.? How- 
ever, even in patients who have undergone surgery at an 
early age with a satisfactory resting result, severe upper 
extremity hypertension with exercise is common. Exer- 
cise is used as an analogue for the wide variety of physi- 
ologic stresses resulting in increased cardiac output that 
occur in everyday life. Systolic hypertension is known to 
be a powerful predictor of cardiovascular morbidity in 
adults.7!** There would therefore appear to be a good 
rationale for treatment of an exaggerated systolic hy- 
pertensive response to exercise in patients after coarcta- 
tion repair, most of whom had considerable systolic hy- 
pertension of variable duration before their operations. 
The results in this small series suggest that cardioselec- 
tive 6 blockage can be used to achieve this result safely 
and effectively. 


Acknowledgment: We gratefully acknowledge the 
secretarial assistance of Terry Howe and Cindy Shear- 
er. 


REFERENCES 


1. James FW, Kaplan S. Systolic hypertension during submaximal exercise after 
correction of coarctation of the aorta. Circulation 1974;50(suppl I1):I1-27-I1-34. 
2. Connor TM. Evaluation of persistent coarctation of aorta after surgery with 
blood pressure measurement and exercise testing. Am J Cardiol 1979;43:74- 
78. 

3. Freed MD, Rocchini A, Rosenthal A, Nadas AS, Castaneda AR. Exercise- 
induced hypertension after surgical repair of coarctation of the aorta. Am J 
Cardiol 1979;43:253-258. 

4. Pelech AN, Kartodihardjo W, Balfe JA, Balfe JW, Olley PM, Leenen FHH. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15,1990 1235 











- 
a. 
a* een 





a 
L 
¥ 





Exercise in children before and after coarctectomy: hemodynamic, echocardio- 
graphic and biochemical assessment. Am Heart J 1986;112:1263-1270. 

5. Daniels SR, James FW, Loggie JMH, Kaplan S. Correlates of resting and 
maximal exercise systolic blood pressure after repair of coarctation of the-aorta: a 
multivariate analysis. Am Heart J 1987;113:349-353. 

6. Maron BJ, Humphries JO, Rowe RD, Mellits ED. Prognosis of surgically 
corrected coarctation of the aorta: a 20-year postoperative appraisal. Circulation 
1973;47:119-126. 

7. Simon AB, Zloto AE. Coarctation of the aorta. Longitudinal assessment of 
operated patients. Circulation 1974;50:456-464. 

8. Liberthson RR, Pennington DG, Jacobs ML, Daggett WM. Coarctation of the 
aorta: review of 234 patients and clarification of management problems. Am J 
Cardiol 1979;43:835-840. 

9. Cohen M, Fuster V, Sttele PM, Driscoll D, McGoon DC. Coarctatian of the 
aorta. Long-term follow-up and prediction of outcome after surgical correction. 
Circulation 1989;80:840-845. 

10. Cumming GR, Mir GH. Exercise hemodynamics of coarctation of the aorta: 
acute effects of propranolol. Am Heart J 1970;32:365-369. 

11. Gidding SS, Rocchini AP, Beekman R, Szpunar CA, Moorehead C, Beh- 
rendt D. Therapeutic effect of propranolol on paradoxical hypertension after 
repair of coarctation of the aorta. N Engl J Med 1985;312:1224-1229. 

12. Borrow KM, Newburger JW, Rosenthal A. Noninvasive estimation of central 
aortic pressure using the oscillometric method for analysis of systemic artery 
pulsatile flow: comparative study of indirect systolic, diastolic and mean brachial 
artery pressure with simultaneous direct ascending aortic pressure measurements. 
Am Heart J 1982:103:879-886. 

13. Park MK, Menard SM. Accuracy of blood pressure measurement by the 


1236 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


Dinamapp monitor in infants and children. Pediatrics 1987;79:907-914. 

14. Report of task force on blood pressure control in children. Pediatrics 
1977;59(suppl):797-820. 

15. Beekman RH, Katz BP, Moorehead-Steffens C, Rocchini AP. Altered baro- 
receptor function in children with systolic hypertension after coarctation repair. 
Am J Cardiol \983;52:112-117. 

16. Sehested J, Baandrup U, Mikkelsen E. Different reactivity and structure of 
the prestenotic and poststenotic aorta in human coarctation. Implications for 
baroreceptor function. Circulation 1982:65:1060-1066. 

17. Samanek M, Goetzova J, Liserova J, Skovranek J. Differences in muscle 
blood flow in upper and lower extremities of patients after correction of coarcta- 
tion of the aorta. Circulation 1976;54:377-381. 

18. Gidding SS, Rocchini AP, Moorehead C, Schork MA, Rosenthal A. In- 
creased forearm vascular reactivity in patients with hypertension after repair of 
coarctation. Circulation 1985;71:495-499, 

19. Markel H, Rocchini AP, Beekman RH, Martin J, Palmisano J, Moorehead 
C, Rosenthal A. Exercise-induced hypertension after repair of coarctation of the 
aorta: arm versus leg exercise. J Am Coll Cardiol 1986;8:165-171. 

20. McLeod AA, Brown JE, Kuhn C, Kitchell BB, Sedor FA, William RS, 
Shand DG. Differentiation of hemodynamic, humoral and metabolic responses to 
beta-1 and beta-2 adrenergic stimulation in man using atenolol and propranolol. 
Circulation 1983;67:1076-1084. 

21. Kannel WB, Gordon T, Schwartz MJ. Systolic versus diastolic blood pressure 
and risk of coronary heart disease: the Framingham study. Am J Cardiol 
1971;27:335-346. 

22. Weissman DN. Systolic or diastolic blood pressure significance. Pediatrics 
1988;82:112-114. 


MISCELLANEOUS 


Risk of Cardiovascular Mortality in Alcohol 
Drinkers, Ex-Drinkers and Nondrinkers 


Arthur L. Klatsky, MD, Mary Anne Armstrong, MA, and Gary D. Friedman, MD 


Lower cardiovascular mortality rates in lighter 
drinkers (versus abstainers or heavier drinkers) in 
population studies have been substantially due to 
lower coronary artery disease (CAD) mortality. 
Controversy about this U-shaped curve focuses on 
whether alcohol protects against CAD or, because 
of other traits, whether abstainers are at increased 
risk. Inclusion of ex-drinkers among abstainers in 
some studies has led to speculation that this might 
be the trait increasing the risk of abstainers. This 
new prospective study among 123,840 persons 
with 1,002 cardiovascular (600 CAD) deaths 
showed that ex-drinkers had higher cardiovascular 
and CAD mortality risks than lifelong abstainers in 
unadjusted analyses, but not in analyses adjusted 
for age, gender, race, body mass index, marital 
status and education. Use of alcohol was associ- 
ated with higher risk of mortality from hyperten- 
- sion, hemorrhagic stroke and cardiomyopathy, but 
with lower risk from CAD, occlusive stroke and 
nonspecific cardiovascular syndromes. Subsets free 
of baseline cardiovascular or CAD risk had U- 
shaped alcohol-CAD curves similar to subsets with 
baseline risk. Among ex-drinkers, maximal past in- 
take and reasons for quitting (medical versus non- 
medical) were unrelated to cardiovascular or CAD 
mortality. These data show that: (1) alcohol has 
disparate relations to cardiovascular conditions; (2) 
higher cardiovascular mortality rates among ex- 
drinkers are due to confounding traits related to 
past alcohol use; and (3) the U-shaped alcohol-CAD 
relation is not due to selective abstinence by per- 
sons at higher risk. The findings indirectly support 
a protective effect of lighter drinking against CAD. 
(Am J Cardiol 1990;66:1237-1242) 
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orders to the use of alcoholic beverages have 

become apparent.! Heavier drinking is relat- 
ed to higher prevalence of cardiomyopathy,'> hyper- 
tension,* hemorrhagic stroke>~’ and cardiac dysrhyth- 
mias.®? Lighter drinking, in many population studies 
cited in recent reports,°:!°.!! is related to lower preva- 
lence of both coronary artery disease (CAD) and, in a 
few studies,®’ occlusive cerebrovascular disease. In 
several other studies of cardiovascular mortality,!?-!> 
abstainers are at highest risk, with both lighter and 
heavier drinkers at lower risk. The composite of these 
disparate relations in several population studies of 
cardiovascular mortality has been a U-shaped curve 
(lighter drinkers at lower risk than abstainers or heavier 
drinkers). CAD deaths comprise the majority of these 
cardiovascular deaths. 

The possibility that lighter alcohol use protects 
against CAD is supported by plausible hypothetical 
mechanisms. These include a favorable effect on high- 
density lipoprotein cholesterol (HDL) concentra- 
tion!®!8 and apolipoproteins,'*:'? and a possible anti- 
thrombotic effect.®’!° Controversy about protection 
persists, however, on the grounds that correlates of ab- 
stinence and lighter drinking could explain the higher 
risk of abstainers. A widely publicized''*° hypothesis 
was that many abstainers are former drinkers who ab- 
stain because of symptoms, CAD diagnosis, or other 
traits that predispose to CAD events, thus spuriously 
producing an apparent lower CAD risk among drinkers. 
Several of the reported population studies did include 
ex-drinkers among abstainers. 

Herein are reported findings from a new large pro- 
spective study of mortality, in which lifelong abstainers 
are separated from ex-drinkers. Attention is given to 
reasons for stopping or decreasing alcohol intake and to 
evidence of prior cardiovascular or CAD risk. 


D isparities in the relations of cardiovascular dis- 


METHODS 

We studied 129,170 persons who underwent health 
examinations in a prepaid health plan from January 
1978 through December 1985. The procedure included 
a questionnaire about current and past medical history, 
a panel of health screening tests and laboratory tests. 
For persons who had >1 examination, we used data 
from the first. 

Based on a special alcohol questionnaire, we defined 
as lifelong abstainers nonusers who answered that they 
never or almost never drank alcohol in the past. Ex- 
drinkers were nondrinkers in the past year who indicat- 
ed that they had taken alcohol previously. Ex-drinkers 
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P <1/day,>1/month 46,299 37.8 364 15 247 1.0 
. 1 to2/day 22,548 42.3 292 2.5 158 1.4 
i 3 to 5/day 8,168 42.5 143 3.4 72 1.7 
: 26/day 1,910 41.6 54 5.6 27 2.8 
Reason reduced intake | 
Medical 14,537 41.5 237 3.2 125 1.7 
Nonmedical 30,986 39.0 308 2.0 201 1.3 
Weight loss 7,282 42.4 80 2.1 308 2.0 
Ex-drinkers 
Reason quit 
Medical 1,645 48.0 45 5.5 33 4.1 
Nonmedical 2,353 45.4 49 4.1 43 3.6 
Total 







TABLE Il Relative Risk of Death* According to Alcohol Use 


All Causes (n = 2,430) Non-CV (n = 1,428) CV (n= 1,002) 





Drinking Category 95% CI 95% Cl 95% Cl 


Abstainers (reference) (reference) 


(reference) 














Ex-drinkers : 0.9-1.4 
<1 /day? } 0.9-1.6 
a5: 1 to 2/day* ; 0.7-1.6 
PANE >3/day* 0.8-1.5 
HF Drinkers 
<1/month À 0.9-1.2 
<1/day; >1/month 9 0.8-1.0 
1 to 2/day š 0.8-1.1 
3 to 5/day Me 0.8-1.2 


1.0-1.7 
0.8-1.8 
0.8-2.1 
0.9-1.9 


0.9-1.3 
0.8-1.1 
0.9-1.4 
1.0-1.6 
1.4-7.6 


0.8-1.3 
0.8-1.8 
0.5-1.7 
0.6-1.4 


0.8-1.2 
0.7-1.0 
0.6-0.9 
0.6-1.0 © 


yet >6 /day 1.1-1.8 07-15 wai 


-N + Path ho aaa ‘coefficients estimated by Cox pr onal hazards model controlled for age, gender, race, smoking, body mass index, marital status and education. 
. See <0.05; * computed from separate model; § p <0.01; ' p <0.001. 
H = confidence interval; CV = cardiovascular; RR = relative risk. 
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= All subjects were followed until the earlier of either 430 to ae orcas cerebrovascular codes 
og te > of death or December 1985, yielding 655,305 per- s4 
on-years a Mien Death was ascertained using an 
-automated matching system,?! and was era by 2. 
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RR for Each Drinking Category Versus Lifelong Abstainers 


Conditiont (no. of Ex- 
deaths) Drinkers 


All CAD (600) 

AMI (284) 

Other CAD (316) 
Cerebrovascular (138) 

Hemorrhagic (41) 

Occlusive (34) 

Nonspecific (63) 
Hypertension (64) 
Cardiomyopathy (24) 
Syndromes (82)! 
Arterial (41)** 
Cirrhosis (42) 


<1/day, >1/mo. 


26/day 


* Computed from coefficients estimated by Cox proportional hazards models controlled for age, gender, race, smoking, body mass index, marital status and education. 


t See text for International Classification of Diseases, Adapted, 8th Revision codes. 
* p <0.05; § p <0.01. 
I Unable to calculate RR due to insufficient number of cases. 


1 Includes symptomatic heart disease (n = 32), other disorders of heart rhythm (n = 22) and ill-defined heart disease (n = 28). 
** Includes arteriosclerosis (n = 15), aneurysms (n = 23), peripheral vascular disease (n = 2), and arterial embolism and thrombosis (n = 1). 


tt p <0.001. . H 
AMI = acute myocardial infarction; CAD = coronary artery disease; RR = relative risk. 


was considered at CAD risk if he or she answered “yes” 
to any of 12 items suggesting any lifetime history of 
CAD diagnosis, symptoms or risk factors (hypertension, 
diabetes, hypercholesterolemia). A person was consid- 
ered at cardiovascular risk if he or she answered “yes” 
to any of the 12 CAD risk items or to 5 other items 
indicating possible lifetime non-CAD cardiovascular 
problems. In selecting the items indicative of baseline 
CAD or cardiovascular risk, we attempted to include all 
available predictors. Persons were considered at nonspe- 
cific risk, the only category limited to recent problems, 
if they indicated that they were taking the examination 
because of illness, or if there had been any hospitaliza- 
tion or major medical problems in the past year. 

Age-adjusted and multivariate analyses used the 
Cox proportional hazards model. For economy, all anal- 
yses used a 10% random sample of the entire study pop- 
ulation in addition to all cases. Table I lists some de- 
scriptive data. 


RESULTS 

In analyses adjusted only for age, ex-drinkers and 
heavier drinkers had a significantly higher risk of car- 
diovascular mortality than did abstainers; relative risks 
(95% confidence intervals, p value if <0.01) for the cat- 
egories were: ex-drinkers = 1.5 (1.1 to 1.9, p = 0.004); 
<1/month = 1.0 (0.8 to 1.2); <1/day but >1/month = 
0.9 (0.8 to 1.1); 1 to 2/day = 0.9 (0.7 to 1.1); 3 to 5/ 
day = 1.2 (0.9 to 1.6); 26/day = 1.8 (1.2 to 2.6, p = 
0.006). In analyses adjusted for all covariates, ex-drink- 
ers had a similar cardiovascular mortality risk as ab- 
stainers, and current drinkers had a U-shaped relation 
with the nadir of the U at 1 to 2 drinks/day (Table II). 
In age-adjusted analyses, ex-drinkers and persons in all 
drinking categories from 1 to 2/day and higher had sig- 
nificantly greater noncardiovascular mortality risk than 
abstainers: ex-drinkers = 1.6 (1.3 to 2.1, p <0.0001); 
<1/month = 1.1 (0.9 to 1.3); <1/day but >1/month = 
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1.0 (0.9 to 1.2); 1 to 2/day = 1.4 (1.1 to 1.6, p <0.001); 
3 to 5/day = 1.8 (1.4 to 2.2, p <0.0001); and =6/day 
= 2.9 (2.1 to 3.9, p <0.0001). When the analyses were 
adjusted for the other covariates, ex-drinkers and heavi- 
er drinkers still had higher noncardiovascular mortality 
risk than abstainers (Table II). The composite all-cause 
mortality curve was slightly J-shaped in adjusted analy- 
sis, with lighter drinkers at a slightly reduced mortality 
risk and the heaviest drinkers at highest risk. Among 
the covariates (data not shown), age, male gender, and 
smoking were powerful predictors of both cardiovascu- 
lar and noncardiovascular death. Black race and higher 
body mass index were weakly predictive of cardiovascu- 
lar but not of noncardiovascular death. 

For the subset of CAD deaths with acute myocardial 
infarction, the relation to alcohol use was inverse at all 
drinking levels; for less specific CAD events an almost 
symmetrical U-shaped curve was present among drink- 
ers (Table III). 

Among other cardiovascular conditions, alcohol was 
associated with a higher risk of death attributed to hy- 
pertension, cardiomyopathy and hemorrhagic cerebro- 
vascular disease, but with a lower risk of death attribut- 
ed to occlusive cerebrovascular disease and miscella- 
neous syndromes (arrhythmias, congestive failure, and 
so forth, without specified etiology). Because of small 
numbers, many of the risks for conditions with <50 
deaths must be regarded as unstable. Data showing risk 
of cirrhosis deaths, which showed the expected relations 
to drinking, are included in Table III. 

Lower risk of CAD mortality among drinkers was 
present in both men and women, but was more pro- 
nounced in women (Table IV). The inverse alcohol- 
CAD relation was consistent in several age brackets and 
in subsets of persons with and free of baseline risk. Con- 
sistency was less in subsets defined by smoking habits, 
with reduced risk of mortality greatest among ex-smok- 
ing drinkers and unclear among lifelong nonsmokers. 
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RR for Each Drinking Category Versus Lifelong Abstainers 
LS 


Subset (no. of deaths) Ex-drinkers 


Men (420) 

Women (180) 

<50 yrs old (48) 

50 to 59 yrs old (108) 
>60 yrs old (444) 

Never smoked (231) 
Ex-smokers (212) 
Current smokers (213) 
Have CAD risk (472) 

No CAD risk (118) 

Have CV risk (518) 

No CV risk (77) 

Have nonspecific risk (223) 
No nonspecific risk (361) 


<1 /day, >1/mo. 


1 to 2/day 3 to 5/day 26/day 


* Computed from coefficients estimated by Cox proportional hazards model controlled for age, gender, race, smoking, body mass index. marital status and education. 
<0.01 


t Computed from separate models; * p <0.05; $ p <0.001; ' p <0.01. 
Abbreviations as in Tables Il and IIl. 





Because this raises the possibility that ex-smoking non- 
drinkers—the reference group for analyses in ex-smok- 
ers—could include a disproportionate number of high- 
risk persons, we studied ex-smokers by baseline risk. 
Lower CAD mortality rates were present in ex-smokers 
with and without baseline CAD, cardiovascular and 
nonspecific risk at all drinking levels. Relative risks 
(95% confidence intervals) of CAD death in ex-smokers 
free of CAD risk (n deaths = 37) were, for example: ex- 
drinkers = 0.3 (0.1 to 1.2); <1/month = 0.4 (0.1 to 
1.2); <1/day but >1/month = 0.3 (0.1 to 1.0, p 
<0.05); 1 to 2/day = 0.3 (0.1 to 1.1); 3 to 5/day = 0.3 
(0.1 to 1.5); 26/day = 2.6 (0.5 to 14.5). 

As expected, drinking and smoking were strongly 
correlated. The proportions of subjects who were never 
smokers were 81% of abstainers, 29% of ex-drinkers and 
46% of all drinkers (24% of persons reporting 23 
drinks/day). Ex-smokers comprised 8% of abstainers, 
49% of ex-drinkers and 25% of drinkers. Ex-drinkers 
were thus similar to drinkers (probably to heavy drink- 
ers) with respect to exposure to the risks of smoking. 
Baseline CAD risk, as previously defined, was similar in 
ex-drinkers and abstainers; it was present in 42.7% of 
ex-drinking men and in 38.4% of ex-drinking women 


TABLE V Relative Risk of Death* Among Drinkers and Ex- 
Drinkers According to Reason for Reduction or Cessation 


Relative Risk 
Reason (no. of 
deaths) 


Drinkerst 
Medical (362) 
Weight loss (138) 
Nonmedical (509) 
Ex-drinkers' 
Medical (78) 
Nonmedical (92) 

* Computed from coefficients estimated by Cox propositional hazards model con- 
trolled for age, gender, race, smoking, body mass index, marital status and educa- 
tion; t separate regressions (reference for drinkers is those with no reduction; refer- 
ence for ex-drinkers is lifelong abstainers); * p <0.001; $ p <0.05. 

Abbreviations as in Tables | and III. 
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versus 39.5% of abstaining men and 41.6% of abstaining 
women (age-adjusted). The 40% of subjects judged to 
be at high CAD risk comprised 80% of the CAD 
deaths. Nonspecific risk was more prevalent among ex- 
drinkers than among abstainers; it was present in 44.6% 
of ex-drinking men and in 50.2% of ex-drinking women 
versus 37.1 and 35.9%, respectively, of abstaining men 
and women (age-adjusted). 

Reduction or cessation of drinking for medical rea- 
sons was associated with a higher risk of noncardiovas- 
cular mortality, but not with a higher risk of cardiovas- 
cular or CAD mortality (Table V). Only reduction of 
intake for purposes of weight loss was associated with a 
higher risk of CAD mortality. Obesity and attempts to 
reduce are almost surely correlated with several CAD 
risk factors. However, specified medical reasons for 
stopping drinking, given by approximately 17% of ex- 
drinkers, were seldom cardiovascular (<1% of ex-drink- 
ers). 

No major differences were apparent in the relations 
between usage of specific beverages and mortality (Ta- 
ble VI). Within the scheme of categorization chosen 
(use of the beverage type 22 days/week), some persons 
are represented in >1 beverage use group. 


TABLE VI Relative Risk of Death According to Use of Wine, 
Beer and Liquor* 


RR (95% Cl) 


Wine Liquor 


1.0 (0.8-1.1) 
1.2 (1.0-1.5) 
0.8 (0.6-1.0) 
0.6 (0.5-0.8) 
4.8 (0.9-24.6) 


0.8 (0.7-0.9)* 
1.0 (0.8-1.2) 
0.7 (0.5-0.9) 
0.5 (0.4-0.7)$§ 
5.6 (1.1-27.7)* 


0.9(0.8-1.1) 
1.1 (0.9-1.4) 
0.8(0.6-1.0) 
0.7 (0.5-0.9)t 


Cirrhosis 5.1 (0.9-28.5) 


* Two or more days/week vs abstainers, with separate models for each beverage 


type and cause, controlled for age, race, gender, smoking, body mass index, marital 
status and education; wine drinkers: n = 28,488 (426 deaths); beer drinkers: n = 
21,152 (318 deaths); iguor drinkers: n = 20,492 (597 deaths). 

t p <0.01; * p <0.05; p <0.001. 

Abbreviations as in Tables Il and Ill. 
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DISCUSSION 

This study confirms the main relations between alco- 
hol use and mortality that have been found previously. 
The major findings are a higher risk of noncardiovascu- 
lar mortality for heavier drinkers and a clear U-shaped 
relation between amount of alcohol intake and cardio- 
vascular death. Data for overall cardiovascular mortali- 
ty are dominated by the diagnostic groups inversely re- 
lated to alcohol use, of which CAD is the most notewor- 
thy. The disparities in relations to alcohol make it wise, 
when possible, to look at cardiovascular conditions sepa- 
rately. The inverse alcohol-CAD relation was also found 
for CAD hospitalizations in a portion of this cohort.!° A 
lower risk of CAD hospitalizations was found among 
those who took alcohol more than monthly, independent 
of former drinking, baseline risk and beverage choice. 
The hospitalization results were much like the mortality 
results for acute myocardial infarction. 

In a previous study,” lighter drinkers had a slightly 
lower noncardiovascular mortality risk than did the 
nondrinker reference group (including ex-drinkers). In 
the present study, lighter drinkers were at a similar risk 
as abstainers, and ex-drinkers at a higher noncardiovas- 
cular risk. This comparison suggests that the lower non- 
cardiovascular but not the lower cardiovascular risk of 
lighter drinkers in the earlier study was spurious. It is 
clearly preferable to study ex-drinkers separately. 

The disparate relation of alcohol to CAD from that 
of alcohol to most medical conditions, consistent in 
many studies, makes it unlikely that the inverse relation 
is spurious. Other features of the present study that ar- 
gue that the alcohol-CAD relation is not spurious in- 
clude: (1) independence from baseline CAD risk; (2) 
absence of higher CAD risk among persons reducing 
alcohol intake for medical reasons; (3) evidence that the 
higher unadjusted CAD risk of ex-drinkers is due to 
confounding covariates, mostly gender and smoking; (4) 
absence of a relation of CAD risk among ex-drinkers to 
maximal past intake; (5) absence of a relation of very 
light (<1/month) drinking to CAD risk; and (6) the 
similar reduction of CAD risk among drinkers of wine, 
liquor and beer. 

Other conditions that shared with CAD a reduced 
risk of death among drinkers were occlusive cerebrovas- 
cular disease and nonspecific syndromes. The former 
has several risk factors in common with CAD; the latter 
presumably are the end results of CAD in many in- 
stances. Other reports!*?34 concerning alcohol and 
sudden cardiac death suggest an inverse relation. An in- 
verse relation between alcohol intake and arterial steno- 
ses, operative through blood lipid or antithrombotic ef- 
fects of alcohol, or both, are plausible common opera- 
tive factors in these findings. 

There are some inconsistencies in the analyses of 
CAD subsets. Although chance variations in the subsets 
are possible owing to smaller numbers, we should at- 
tempt to explain the findings. Assuming that alcohol 
protects against CAD, is it plausible that women are 
more strongly protected than men? Our data with re- 
spect to alcohol and CAD in women are compatible 
with reports®?>-2’ from other large cohorts. Increased 
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bioavailability of alcohol in women, owing to less gastric 
oxidation than occurs in men, could contribute to in- 
creased susceptibility to harmful effects of alcohol.?8 
This phenomenon could translate into a greater protec- 
tive effect at lower levels of alcohol intake in women. 
Thus, the greater sensitivity of women to the effects of 
alcohol on the liver??? might include an effect on HDL 
synthesis. 

The reasons for the disparity between lifelong non- 
smokers (little alcohol-CAD relation) and the ex-smok- 
er or current smoker groups is harder to explain. It 
could be difficult to demonstrate a weak alcohol-CAD 
relation in a low-risk group (persons who never 
smoked). It could also mean that nonsmokers who drink 
have less healthy dietary or exercise habits than do ex- 
smokers or smokers who drink. Yet another hypotheti- 
cal explanation is that regular moderate alcohol con- 
sumption could specifically offset some harmful effect 
of smoking; for example, the effect of alcohol in raising 
HDL levels may be greater in smokers.*° 

It remains possible that the lower CAD risk of 
lighter drinkers does not represent a protective effect. 
Lifelong abstainers could differ from drinkers in psy- 
chological traits, dietary habits, physical exercise habits 
or some other way that could be related to CAD risk. 
This and other studies indicate that such a correlate 
would need to be present in persons of both genders, in 
various countries and in multiple racial groups. While 
this is hypothetically possible, a causal protective effect 
of alcohol is a simpler and more plausible explanation. 

These data should not be used to justify heavier 
drinking. The risk of death from all causes was high- 
est among persons taking larger amounts of alcohol. 
Lighter drinkers (those taking up to 1 to 2 drinks/day) 
were at lowest risk of cardiovascular death and were not 
at higher risk of noncardiovascular death; such persons 
should not be advised to abstain for the purpose of less- 
ening the risk of cardiovascular mortality. Health prac- 
titioners should advise concerned persons on an individ- 
ual basis, taking into account the risk of uncontrolled 
drinking and of specific medical conditions. Problems 
associated with drinking make it unwise to advise ab- 
Stainers indiscriminately to drink alcohol to reduce 
CAD risk. 
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Subnormal Parasympathetic Activity After 
: Cardiac Transplantation 


Michael L. Smith, PhD, Kenneth A. Ellenbogen, MD, Dwain L. Eckberg, MD, 
Helen M. Sheehan, BSN, and Marc D. Thames, MD 


Heart period variability (standard deviation of 120 
consecutive RR or PP intervals) was used to assess 
-baseline parasympathetic activity in 18 patients 
with congestive heart failure before and after or- 
thotopic cardiac transplantation, and was com- 

__ pared to that of 16 age-matched control subjects. 
-Mean heart period variability (+ standard error of 
the mean) was significantly greater (p <0.05) in 
_ control subjects (58 + 5 ms) than in the patients at 
any time before or after transplantation. Heart pe- 
riod variability of innervated recipient atria did not 
change significantly early (1 to 4 weeks) after 
transplantation (16 + 2 to 24 + 5 ms; p = 0.11), 
but increased significantly between weeks 15 and 
37 after transplantation (30 + 5 ms, p <0.002 ver- 
sus before transplantation). A stepwise regression 
model (R? = 0.35; p = 0.01) showed that heart pe- 


-riod variability was directly related to time after 


transplantation and inversely related to systolic ar- 
terial pressure after transplantation and degree of 
rejection. Heart period variability of the denervated 
donor atria did not change from early to late peri- 
ods after transplantation, suggesting that vagal re- 
innervation of the donor heart had not occurred. 
These data indicate that baseline parasympathetic 
activity does not increase significantly during the 
first month after transplantation but increases sig- 
nificantly between months 3 and 6. 

(Am J Cardiol 1990;66:1243-1246) 
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reflex gain are attenuated in humans and experi- 

mental animals with congestive heart failure.!-4 
Ellenbogen et al° showed that arterial baroreflex gain 
was normal in normotensive cardiac transplant patients. 
More recently, we found that baseline parasympathet- 
ic activity (heart period variability) was significantly 
greater in cardiac transplant patients than in heart fail- 
ure patients, but remained subnormal.® These previous 
data were derived from cross-sectional studies of differ- 
ent groups of patients. To date, a longitudinal study on 
the same patient cohort has not been used to assess di- 
rectly the effect of cardiac transplantation on autonom- 
ic function. This study uses a longitudinal design to (1) 
determine if cardiac transplantation accounts for the 
improvement of baseline parasympathetic activity to the 
innervated recipient atria (suggested by the previous 
cross-sectional study); and (2) determine how changes 
in baseline parasympathetic activity after transplanta- 
tion relate to changes in clinical parameters. 


Ber: parasympathetic activity and arterial baro- 


METHODS 

Subjects: Eighteen men with congestive heart failure 
(aged 24 to 62 years, mean + standard error of the 
mean 46 + 2) who underwent orthotopic cardiac trans- 
plantation were prospectively studied before and after 
this surgical procedure. Orthotopic cardiac transplanta- 
tion was performed with techniques described previous- 
ly.* Each subject gave written informed consent. The 
Study was approved by the Medical College of Virginia 
and Veterans Administration Hospital Committees on 
the Conduct of Human Research. Sixteen healthy age- 
matched subjects free of organic heart disease were 
studied as control subjects. 

Measurements: Measurements were obtained at the 
same time of day to avoid circadian variation. Patients 
with dyspnea or frequent (>4 beats/min) ventricular or 
atrial premature beats were excluded from the study. A 
standard limb lead rhythm strip was obtained in control 
subjects and patients before transplantation. An esopha- 
geal lead or intracavitary quadripolar catheter was used 
to record donor and recipient atrial activity in patients 
after transplantation. After 20 minutes of supine rest, 
an electrocardiographic rhythm strip was obtained for 
determination of mean PP interval and heart period 
variability. Rhythm strips were obtained from a strip- 
chart recorder at a paper speed of 100 mm/s (accuracy 
+ 5 ms). Breathing rate was measured in 8 patients and 
was not significantly different between each measu 
ment period. 
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PP Heart 
Interval Period Systolic 
at Rest Variability Pressure 
(ms) (ms) (mm Hg) 
Control (n = 16) 984 + 39 5845 12943 
Transplants (n = 18) 
Pretransplant, 760 +31 162 117 £3 
Recipient 
Posttransplant, 782 + 36 24+ 5* 132+ 4* 
Recipient (early) 
Posttransplant, 811 +45 30 + 5* 145+ 4* 
Recipient (late) 
Posttransplant, 707 +34 641 — 
donor (early) 
Posttransplant, 721 +28 741 — 
donor (late) 


All values are mean = standard error of the mean. j 
* Significantly different from values before transplantation (p <0.05). 


Heart period variability was characterized as the 
standard deviation of 120 consecutive sinus rhythm PP 
intervals of the innervated recipient artia with a cali- 
brated digitizing tablet (SigmaScan, Jandel Scientific). 
Measurement reliability was determined in 8 control 
subjects studied on 2 occasions, 7 days apart (paired t 
test). Heart period variability was unchanged in these 
subjects (day 0 = 41 + 7 ms, day 7 = 39 + 6 ms; p = 
0.43). 

Data analysis: Time of measurement was divided 
into 2 periods after transplantation: “Early” represent- 
ing the first 4 weeks, and “Late” representing a period 
ranging from 15 to 37 weeks after transplantation. The 
data were normally distributed, and parametric analy- 
ses were performed. Pretransplantation and early or late 
posttransplantation were compared by analysis of vari- 
ance with repeated-measures design and contrasts to 
discern differences between time periods. A probability 
<0.05 was considered significant. A stepwise regression 
analysis,’ with a model entry significance level of 0.25 
was used to develop a model of pre- and posttransplan- 
tation clinical characteristics for the prediction of the 


pre , early, 


NI 
uO 


uo 
O 


N 
on 


o 
z 
> 

— 

‘oO 
O 

E 
O 
> 
D 

O 

s ed 
D 
a 
= 
O 
D 
T 


1244 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66- 


; i r å ° pr m > a P 
A Eee b -< -M-a A Dt ana ara eae CFs 2S ae we ~ = 





dependent heart period variability change from before 
to after transplantation. The independent variables test- 
ed for the model were time after transplantation, dura- 
tion of class III/IV heart failure, ejection fraction be- 
fore transplantation, degree of rejection at the time of 
study (on a 0 to 3 scale, where 0 = no rejection and 3 = 
severe rejection), systolic or diastolic arterial pressures 
after transplantation, and age. The model R? value rep- 
resents the percent variation of the data explained by 
the model. The model R? was used to describe the sta- 
tistical findings because it provides more succinct infor- 
mation about the model than the partial correlation co- 
efficients. 


RESULTS 

All transplant patients received both cyclosporine 
and azathioprine as immunosuppressive therapy. The 
average duration of class III/IV heart failure and mear 
ejection fraction before transplantation was 6.6 + 0.8 
months (range 3 to 12) and 17.1 + 1.9% (range 8 tc 
30), respectively. 

Table I summarizes physiologic data for control sub- 
jects and for transplant patients for each measurement 
period in the transplant patients. Baseline PP interval 
(984 + 39 ms) and heart period variability (58 + 5 ms) 
was significantly greater in control subjects than ir 
transplant patients at any period. Neither recipient PẸ 
intervals nor donor P’P” intervals of transplant patient: 
changed (p >0.05) after transplantation. Arterial pres 
sure increased significantly during the first month afte: 
transplantation (p = 0.01) and increased further during 
the late measurement period (p = 0.04). 

Mean heart period variability of the control groug 
was significantly greater than that of all other groups 
Heart period variability of the innervated recipient atric 
of the transplant patients (Table I) did not increass 
significantly by the early posttransplantation study (p = 
0.11), but did increase significantly by the late study 
(p = 0.02 compared to early posttransplantation; p = 
0.002 compared to before transplantation). Three pa 
tients showed dramatic increases in heart period vari 


FIGURE 1. Individual heart period vari- 
ability data for each patient before (pre), 
during the first 4 weeks (early) and during 
weeks 15 to 37 (late). 


ability. The analyses were repeated excluding these pa- 
tients to determine if differences before and after trans- 
plantation were attributable to these patients alone. 
Heart period variability increased from 15 + 2 to 17 + 
4 ms between pre- and early posttransplantation (p = 
0.17), and to 24 + 3 ms at late posttransplantation (p = 
0.003) in the 15 patients. Heart period variability of the 
denervated donor atria was unchanged from early to 
late posttransplantation (p = 0.79). 

Heart period variability of recipient atria was widely 
distributed after transplantation. Individual data before 
and after transplantation are illustrated in Figure 1. 
Stepwise regression analyses were performed to deter- 
mine clinical and physiologic correlates of heart period 
variability changes associated with cardiac transplanta- 
tion. A significant model was obtained in which time 
after transplantation was directly related, and systolic 
arterial pressure and degree of rejection were inversely 
related to the change in heart period variability. The 
model, although significant, was a poor predictor of 
heart period variability (R? = 0.35, p = 0.01). 


DISCUSSION 

Previously, we reported on cross-sectional compari- 
sons in which baroreflex gain is normal and heart period 
variability is near normal in cardiac transplant pa- 
tients.>° The present study is the first longitudinal study 
of the effect of cardiac transplantation on baseline para- 
sympathetic activity. Our data show that heart period 
variability of innervated recipient atria of transplant pa- 
tients, used as an index of baseline parasympathetic ac- 
tivity, can increase after cardiac transplantation, but 
usually remains subnormal. The degree of restoration of 
heart period variability is inversely related, in part, to 
arterial pressure after transplantation and the degree of 
rejection. These data suggest that baseline parasympa- 
thetic activity improves, but usually does not return to 
normal after cardiac transplantation. 

We used heart period variability during quiet 
breathing to assess baseline cardiac parasympathetic ac- 
tivity in humans. This measure is considered a reason- 
able estimate of parasympathetic activity when respira- 
tion is regular and physiologic conditions are stable.® 
Baseline levels and changes of heart period variability 
are related directly to cardiac parasympathetic efferent 
nerve activity in dogs.? The heart period variability 
measure used in the present study, standard deviation of 
PP interval, correlates with other measures of cardiac 
parasympathetic activity; therefore, this measure is a 
simple, yet powerful estimate of baseline parasympa- 
thetic activity.’ 

Parasympathetic activity in heart failure before 
transplantation: Reduced baseline parasympathetic ac- 
tivity and arterial baroreflex gain,!-? elevated baseline 
parasympathetic activity and elevated plasma norepi- 
nephrine concentration!®!! are hallmarks of congestive 
heart failure. Furthermore, cardiac parasympathetic ac- 
tivity is related inversely to the severity of heart failure 
and prognosis of heart disease.!:!2:!3 Our patients had 
profoundly subnormal heart period variability associ- 
ated with heart failure before transplantation, suggest- 


ing a severe abnormality of baseline parasympathetic 
activity (Figure 1). These findings support previous re- 
ports of reduced parasympathetic activity in congestive 
heart failure.!: 

Parasympathetic activity after transplantation: 
Heart period variability of the innervated recipient atria 
did not increase significantly during the first month af- 
ter transplantation, but increased significantly between 
weeks 15 and 37 (late posttransplant period). However, 
only 4 of the 18 patients showed increases >10 ms; 
thus, these data suggest that heart period variability 
does not necessarily improve after transplantation. In 
our previous cross-sectional study,° a diverse patient 
population was studied with posttransplant time ranging 
from 2 weeks to 5 years. Those data suggested that 
heart period variability increased substantially after 
transplantation and continued to increase progressively 
over time. However, few patients were studied in the 
first 6 weeks after transplantation. The present data 
support the previous study in showing that an increase 
in heart period variability usually occurs with time after 
transplantation. However, these data also show that the 
improvement is delayed and is not usually very dra- 
matic. 

Ellenbogen et al* reported that arterial baroreflex 
gain is normal in transplant patients. Their findings 
imply normal parasympathetic responsiveness in the 
presence of impaired baseline parasympathetic activity. 
Therefore, we hypothesize that the subnormal baseline 
activity is not due to an impairment along the efferent 
vagal pathway; rather, it is best explained by a change 
in the total afferent input to the cardiac vagal motor 
nuclei in the brain. 

A stepwise regression model indicated that changes 
in heart period variability after transplantation correlate 
directly with time after transplant, and inversely with 
systolic arterial pressure and degree of rejection. This 
analysis supports the hypothesis that heart period vari- 
ability tends to increase with time after transplantation. 
Furthermore, these data support our previous conclu- 
sion® that hypertension after transplantation adversely 
affects baseline parasympathetic activity. However, the 
predictive power of the model (R? = 0.35) was poor, 
indicating that other factors confound the measurement 
of heart period variability after cardiac transplantation. 
Other factors probably contributed to the variation of 
responses; (1) Patients were receiving a variety of medi- 
cations that could affect parasympathetic activity; and 
(2) the rates of patient recovery from cardiac transplan- 
tation are highly individual and difficult to assess. 

Heart period variability in denervated donor atria: 
The denervated donor hearts of the transplant patients 
demonstrated minimal heart period variability, consis- 
tent with previous reports of little or no respiratory sinus 
arrhythmia in such patients.'+!> This lack of heart peri- 
od variability suggests that parasympathetic reinnerva- 
tion of the heart does not occur during the first 6 
months after transplantation. Reinnervation occurs as 
early as 2 months!® and autonomic innervation appears 
to be functionally effective within 9 months!’ in auto- 
transplanted dogs. However, in human transplant pa- 
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tients, evidence from heart period variability® and heart 
rate responses to exercise!* suggest that no reinnerva- 
tion occurs during the first 2 years after transplantation. 
Fallen et al!® recently showed that the power spectrum 
of heart rate variability of 1 transplant patient was 
normal, including both low frequency and respiratory 
peaks, at 33 months after transplantation. This finding 
is indicative of normal parasympathetic innervation of 
the heart. This is the only isolated finding of possible 
reinnervation in humans of which we are aware. 
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Natural History of Cardiac Rhabdomyoma in 
Infancy and Childhood 


John F. Smythe, MD, John D. Dyck, MD, Jeffrey F. Smallhorn, MD, 
and Robert M. Freedom, MD 





Although spontaneous regression of cardiac rhab- 
domyoma has been reported, prognosis is still con- 
sidered to be poor and surgery continues to be indi- 
cated. The experience with rhabdomyoma diag- 
nosed in live infants over a 20-year period was 
reviewed. Diagnosis by angiography or echocardi- 
ography was accepted only if multiple tumors were 
present or if tuberous sclerosis was also diagnosed. 
Nine patients (3 diagnosed prenatally and the re- 
maining 6 at age <8 months) were identified as 
having a total of 24 tumors. Measurements in 2 
planes demonstrated at least some evidence of re- 
gression in 24 patients (100%), with 20 of 24 hav- 
ing complete resolution. One patient required de- 
layed surgery for excision of a subaortic ridge that 
appeared at the site of a resolved tumor. Our find- 
ings suggest that pediatric cardiac rhabdomyoma is 
most often a benign condition in which spontaneous 
regression is the rule. Surgery is recommended 
only for patients with refractory dysrhythmias or 
severe hemodynamic compromise. 

(Am J Cardiol 1990;66:1247-1249) 
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most common primary cardiac tumor in infancy 
and childhood.! This tumor first described in 
1862? has been demonstrated to have a clear association 
with the neurocutaneous syndrome known as tuberous 
sclerosis.’ The majority of the reports dealing with this 
tumor are autopsy series.+° The few reports of this tu- 
mor in live patients suggest that the outlook is poor and 
that death within the first 5 years of life is usual.o-8 A 
number of investigators have therefore suggested that 
an aggressive surgical approach to this tumor is indicat- 
ed.*?-11 Recently, published reports have described 
spontaneous regression of cardiac rhabdomyomas.!!:!2 
To date, the natural history of this unusual cardiac 
problem remains unclear. 
We review our experience over a 20-year period with 
cardiac rhabdomyoma diagnosed in living patients dur- 
ing infancy and childhood. 


Crs rhabdomyoma, while rare at all ages, is the 


METHODS 

The hospital records, angiograms and 2-dimensional 
ultrasound evaluations of all patients entered into the 
cardiac record with the diagnosis of cardiac rhabdo- 
myoma during life, between the years 1969 and 1989, 
were reviewed. To be certain that all patients selected 
did indeed have this tumor the following criteria for ac- 
ceptance into the study were established: demonstration 
of the presence of multiple intracardiac masses with 
characteristic echocardiographic or angiographic ap- 
pearance, in the absence of known malignant disease; or 
existence of 1 or more tumors in association with the 
neurocutaneous syndrome of tuberous sclerosis. 

These criteria were based on the information that 
fibromas and myxomas (other primary cardiac tumors 
occasionally seen in childhood) are invariably solitary 
tumors,'? and on the very strong association between 
rhabdomyomas and tuberous sclerosis.>!3 We believe 
that these criteria ensured that all patients entered into 
the study had rhabdomyomas exclusively. 

Angiograms and ultrasound evaluations were re- 
viewed separately by 2 cardiologists with training in 
these imaging techniques. Note was made of tumor po- 
sition in the cases of multiple tumors. Follow-up studies 
of the identified tumors were classified on the basis of 
size as demonstrating a given tumor to be (1) increased, 
(2) unchanged, (3) partially resolved, and (4) complete- 
ly resolved. Tumors that did not undergo complete reso- 
lution had their areas in 2 planes measured with a 
Sony® Offline Ultrasound Analysis System to objective- 
ly confirm the observations of the cardiologists. In all 
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TABLE I Patient Characteristics and Tumor Outcome 


M/7 mo 
F /2 days 
M/3mo 
F/2 days 
M73 days 
F /prenat. 


F/1 day 
F /prenat. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


M /prenat. 


Tumor Location 


Presentation RA 


Arrhythmia 
Arrhythmia 
Murmur 
Murmur 
Murmur 
Screening U/S 
Arrhythmia 
Murmur 
FHxTS 


Follow-Up 
(regression) 


Status 
(clinical) 


Alive /TS 
Alive /TS 
Alive /TS 
Alive /TS 
Alive 

Alive /TS 
Alive /TS 
Sub AS-Sx 
Alive /TS 


Regression denotes complete resolution. 


FH = family history; IVS = interventricular septum; LV = left ventricle; prenat. = prenatal; RA = right atrium; RV = right ventricle; Sub As-Sx = subaortic stenosis-surgical resection; 


TS = tuberous sclerosis; U/S = ultrasound 


cases there was complete concordance between the ob- 
servations of the 2 cardiologists and between the cardi- 
ologists and the analysis system. 

In an effort to determine if the true incidence of 
rhabdomyoma in infancy and childhood was changing, 
a review of autopsy records at the Hospital for Sick 
Children was conducted for 2 consecutive periods. The 
number of cases having this tumor identified at autopsy 
between 1919 and 1969 was compared with the number 
identified between 1969 and 1989. The number for each 
period was compared with the total number of patients 
seen at the Hospital for Sick Children, Toronto, over 
the same time periods. 


RESULTS 

Eleven patients (6 men and 5 women) who fulfilled 
the diagnostic criteria were identified over the 20-year 
period from January 1969 to January 1989. Of these, 1 
patient died at 1 day of age of unrelated anomalies. 
Nine of the remaining 10 have been followed for at 
least 1 year and constitute our study population. Seven 


¥ 
FIGURE 1. A and B, long-axis and 4-chamber views, respec- 
tively, of patient 5 at age 16 months. C and D, same patient 
at 57 months. AO = aorta; LA = left atrium; LV = left ventri- 
cle; RA = right atrium; RV = right ventricle; Tum = tumor. 
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patients (78%) were followed with the diagnosis of tu- 
berous sclerosis. In 3 patients the initial diagnostic study 
was angiographic, with all other studies being echocar- 
diographic. Table I summarizes the pertinent clinical 
data and investigations on all patients. 

Three patients were initially identified at the time of 
fetal cardiac ultrasound examination (Table I). These 
examinations had been performed because of fetal 
tachycardia, family history of tuberous sclerosis, and an 
abnormality detected on a level 2 obstetric ultrasound 
evaluation. Among the remaining 6 patients detected 
after birth, 2 presented with dysrhythmias, 2 with 
asymptomatic cardiac murmurs and 2 with cardiac 
murmurs in the setting of tuberous sclerosis. 

Mean period of follow-up was 7 years (range 1.9 to 
15.3). Spontaneous regression, either complete or par- 
tial, was observed in all cases. Figure | is a representa- 
tive example (case 5). Of a total of 24 tumors identified, 
20 underwent complete regression, and 3 partial regres- 
sion, which by area measurement exceeded 50%. One 
tumor (Table I, case 9) at 2 years of follow-up had de- 
creased in size by only 30% according to area measure- 
ments. 

One patient (case 8) developed a significant subaor- 
tic fibrous diaphragm at the precise site of a resolved 
rhabdomyoma. The surgical resection specimen failed 
to demonstrate any evidence of residual tumor. None of 
the other patients required surgical intervention and all 
are currently alive without cardiac symptomatology. 

Between 1919 and 1969 a total number of 6 cases of 
rhabdomyoma were diagnosed at autopsy, whereas be- 
tween 1969 and 1989 a single case was diagnosed at 
autopsy. The incidence of cardiac rhabdomyoma has 
therefore not undergone a significant change between 
these 2 time intervals. 


DISCUSSION 

Histologic proof of the diagnosis of rhabdomyoma is 
no longer considered necessary in the presence of char- 
acteristic echocardiographic findings.'* Rhabdomyomas 
are usually multiple and frequently lobulated. They 
arise most often in the interventricular septum but some 
30% will have atrial wall involvement.* These features 
plus the strong association with tuberous sclerosis facili- 
tate noninvasive diagnosis.'4 The advent and widespread 


use of 2-dimensional echocardiography*:'4!6 (supplant- 
ing angiography as the principal diagnostic method) 
and, more recently, the broad application of the ultra- 
sound technique to screening of fetal cardiac anato- 
my,'*'© had undoubtedly led to the earlier and more 
frequent diagnosis of cardiac rhabdomyoma in asymp- 
tomatic cases. Certainly, the cases reported here were 
far less symptomatic at the time of diagnosis than those 
reported by others.!68 Review of our records and autop- 
sy material suggests that the true incidence of cardiac 
thabdomyoma is probably not changing but that the de- 
tection rate for this tumor must be increasing. It is only 
recently, therefore, that an accurate appraisal of the 
natural history of this lesion can be made. The value of 
magnetic resonance imaging in assessing intracardiac 
masses has been reported,'’ and this method may also 
assist in charting the course of these lesions. 

Symptoms resulting from cardiac rhabdomyomas 
are largely a consequence of tumor size or location 
within the heart. Inflow or outflow tract obstruction 
may lead to myocardial dysfunction with resultant con- 
gestion or cyanosis. Refractory cardiac dysrhythmias 
and systemic embolization are other events that will 
bring patients to medical attention. It is apparent that 
symptomatic patients may have a poor outlook without 
intervention, which has prompted the advocacy of early 
and aggressive surgery by some workers.°:9-!! 

In 1975, spontaneous regression of a cardiac rhabdo- 
myoma was reported.'' Subsequently, others have advo- 
cated an expectant approach to management.!4 Never- 
theless, the strength of the case for or against aggressive 
management remains unresolved. Our study certainly 
demonstrates that spontaneous tumor regression is over- 
whelmingly the rule and that in the absence of life- 


threatening complications conservative management is 


probably indicated. 

A review of published reports revealed 15 cases of 
rhabdomyoma with at least some evidence of tumor re- 
gression. '-!2.14.18-25 Nevertheless, the question of wheth- 
er aggressive surgical management is indicated in all 
cases remains unresolved. Our study documents that 
with a large number of patients followed in a single 
center, cardiac rhabdomyoma, while occasionally life- 
threatening, is increasingly diagnosed in patients with 
few or no symptoms. This suggests that the tumor may 
in fact have a greater incidence than previously appreci- 
ated. Furthermore, spontaneous regression of most, if 
not all, tumors over several years can be anticipated, to 
the extent that an expectant approach to management is 








clearly advisable in the absence of life-threatening 
symptoms. 
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the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author’s phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of the work in the authors’ view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors’ view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 copies (1 original and 2 copies) of the entire manu- 
script including text, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references; 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
authors (page not numbered); and (9) tables. Number the title 
page as 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch) paper, on 1 side only of each sheet, double-spaced 
(including references) with at least 25-mm (1-inch) margins. 

The second title page, which omits the names and institutions of 
the authors, gives the Editor in Chief the option of acquiring blind- 
ed or nonblinded reviews. References to the institution in the text 
or to the author’s previous work in the Reference section must be 
deleted or written in a manner that prevents identification of the 
authors and the institution. Label figures with the manuscript title 
rather than the authors’ names so that blinded reviews can be solic- 
ited. The authors should state which type of review they wish in the 
cover letter. 

TITLE PAGE, ABSTRACT AND MINIABSTRACT: For the com- 
plete title page, include the full first or middle and last names of all 
authors. List the institution and address from which the work origi- 
nated, and provide information about grant support if necessary. If 
the work described is supported by a grant from a pharmaceutical 
company, that fact should be stated on the title page. Add at the 
bottom the phrase, “Address for reprints:” followed by full name 
and address with zip code. Limit the abstract to 250 words and the 
Table of Contents miniabstract to 150 words. List 2 to 6 key words 
for subject indexing at the end of the abstract. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Abbreviations 
are permitted, but no more than 3 per manuscript, and then they 
must be used on every page of the manuscript after they are initial- 
ly spelled out (followed by the abbreviation) in both abstract and 
introduction. Abbreviations are usually limited to terms in the 
manuscript’s title. Use generic names of drugs. Do not spell out any 
number, including those less than 10, except when used for opening 
a sentence, but try not to begin sentences with numbers. Use sym- 
bols for less than (<), greater than (>) and percent (%). Indent for 
paragraphs except the first one in both abstract and introduction. 
Consult the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals, published in The Annals of Internal Medicine 
June 1982:96:766-771, and also the Stylebook/Editorial Manual 
of the American Medical Association. 
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FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors’ names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
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all abbreviations in the figure. The cost of color reproduction must 
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CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except 
in the presence of a functioning ventricular pacemaker, (2) patients with second- 
or third-degree AV block except in the presence of a functioning ventricular 
pacemaker, (3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the drug, and (5) patients 
with acute myocardial infarction and pulmonary congestion documented by x-ray 
on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without 
significantly prolonging sinus node recovery time. except in patients with sick 
sinus syndrome. This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or second- or third-degree 
AV block (nine of 2,111 patients or 0.43%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on cardiac conduc- 
tion. A patient with Prinzmetal's angina developed periods of asystole (2 to 
5 seconds) after a single dose of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect 
in isolated animal tissue preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). An acute study of oral 
diltiazem in patients with impaired ventricular function (ejection fraction 
24% +6%) showed improvement in indices of ventricular function without 
significant decrease in contractile function (dp/dt). Experience with the use of 
CARDIZEM (diltiazem hydrochloride) in combination with beta-blockers in 
patients with impaired ventricular function is limited. Caution should be 
exercised when using this combination. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy 
may occasionally result in symptomatic hypotension 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without 
concomitant elevation in alkaline phosphatase and bilirubin have been 
observed in clinical studies. Such elevations were usually transient and 
frequently resolved even with continued diltiazem treatment. In rare in- 
stances, significant elevations in enzymes such as alkaline phosphatase, 
LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury 
have been noted. These reactions tended to occur early after therapy initiation 
(1 to 8 weeks) and have been reversible upon discontinuation of drug therapy. 
The relationship to CARDIZEM is uncertain in some cases, but probable in 
some. (See PRECAUTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. As with any drug given over 
prolonged periods, laboratory parameters should be monitored at regular inter- 
vals. The drug should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies designed to 
produce toxicity, high doses of diltiazem were associated with hepatic damage. 
in special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which were reversible when 
the drug was discontinued. In dogs, doses of 20 mg/kg were also associated with 
hepatic changes; however, these changes were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) may be transient 
and may disappear despite continued use of CARDIZEM. However, skin eruptions 
progressing to erythema multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, the drug should be 
discontinued 

Drug Interaction. Due to the potential for additive effects, caution and careful 
titration are warranted in patients receiving CARDIZEM concomitantly with any 
agents known to affect cardiac contractility and/or conduction. (See WARNINGS.) 
Pharmacologic studies indicate that there may be additive effects in prolonging 
AV conduction when using beta-blockers or digitalis concomitantly with 
CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating patients with 
multiple medications. CARDIZEM undergoes biotransformation by cytochrome 
P-450 mixed function oxidase. Coadministration of CARDIZEM with other agents 
which follow the same route of biotransformation may result in the competitive 
inhibition of metabolism. Dosages of similarly metabolized drugs, particularly 
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those of low therapeutic ratio or in patients with renal and/or hepatic impair- 
ment, may require adjustment when starting or stopping concomitantly admin- 
istered CARDIZEM to maintain optimum therapeutic blood levels. 


Beta-blockers: Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers or digitalis is usually well 
tolerated, but available data are not sufficient to predict the effects of concomi- 
tant treatment in patients with left ventricular dysfunction or cardiac conduction 
abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) concomitantly with 
propranolol in five normal volunteers resulted in increased propranolol levels.in 
all subjects and bioavailability of propranolol was increased approximately 50% 
lf combination therapy is initiated ar withdrawn in conjunction with propranciol 
an adjustment in the propranolol dose may be warranted. (See WARNINGS. ) 


Cimetidine: A study in six healthy volunteers has shown a significant increase 
in peak diltiazem plasma levels (58%) and area-under-the-curve (53%) after a 
1-week course of cimetidine at 1,200 mg per day and diltiazem 60 mg per cay 
Ranitidine produced smaller, nonsignificant increases. The effect may be me- 
diated by cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully monitored for a change 
in pharmacological effect when initiating and discontinuing therapy with cimeti- 
dine. An adjustment in the diltiazem dose may be warranted. 


Digitalis: Administration of CARDIZEM with digoxin in 24 healthy male sub 
jects increased plasma digoxin concentrations approximately 20%. Another 
investigator found no increase im digoxin levels in 12 patients with coronary 
artery disease. Since there have been conflicting results regarding the effect of 
digoxin levels, it is recommended that digoxin levels be monitored when initiat 
ing, adjusting, and discontinuing CARDIZEM therapy to avoid possible over- or 
under-digitalization. (See WARNINGS.) 


Anesthetics: The depression of cardiac contractility, conductivity, and auto- 
maticity as well as the vascular dilation associated with anesthetics may be 
potentiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in 
rats and a 21-month study in mice showed no evidence of carcinogenicity There 
was also no mutagenic response in in vitro bacterial tests. No intrinsic effect on 
fertility was observed in rats 


Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of doses ranging from five to ten times greater 
(on a mg/kg basis) than the daily recommended therapeutic dose has resulted in 
embryo anc fetal lethality. These doses, in some studies, have been reported to 
cause skeletal abnormalities. In the perinatal/postnatal studies, there was some 
reduction in early individual pup weights and survival rates. There was an 
increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 


Nursing Mothers. Diltiazem is-excreted in human milk. One report suggests 
that concentrations in breast milk may approximate serum levels. If use of 
CARDIZEM is deemed essential. an alternative method of infant feeding should 
be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but It 
should be recognized that patients with impaired ventricular function and car- 
diac conduction abnormalities have usually been excluded from these studies. 

The adverse events described below represent events observed in clinical stud- 
ies of hypertensive patients receiving either CARDIZEM Tablets or CARDIZEM SR 
Capsules as well as experiences observed in studies of angina and during 
marketing. The most common events in hypertension studies are shown in a 
table with rates in placebo patients shown for comparison. Less common events 
are listed by body system; these include any adverse reactions seen in angina 
studies that were not observed in hypertension studies. In all hypertensive 
patients studied (over 900), the most common adverse events were edema (9%), 
headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), flush- 
ing (3%), and 1° AV block (3%). Only edema and perhaps bradycardia and 
dizziness were dose related. The most common events observed in chnical 
studies (over 2,100 patients) of angina patients and hypertensive patients 
receiving CARDIZEM Tablets or CARDIZEM SR Capsules were (ie, greater than 
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1%) edema (5.4%), headache (4.5%), dizziness (3.4%), asthenia 
first-degree AV block (1.8%), flushing (1.7%), nausea (1.6%), bra 
(1.5%), and rash (1.5%). 


DOUBLE BLIND PLACEBO CONTROLLED 
HYPERTENSION TRIALS 

Diltiazem Placeb 
N=315 N=21 
# pts (%) # pts (' 
headache 17 (8%, 
4 (1.95 
6 (2.8 
2 (0.9% 
3 (14 
3 (14 
105 
2 (0.9' 
1 (0.5 
2 (0.9' 
2 (0.9' 
2 (0.9' 

-- 
1 (0.5 
3 (1%) 1 (0.5 
1 (0.5' 
rash 3 (1%) 1 (0.5' 


AV block second degree 2 (0.6%) — 

In addition, the following events were reported infrequently (less the 
have been observed in angina trials. In many cases, the relation t 
uncertain. 


Cardiovascular: Angina, arrhythmia, bundle branch block, tachycar 
tricular extrasystoles, congestive heart failure, syncc 

Nervous System: Amnesia, depression, gait abnormality, hallucinat 
vousness, paresthesia, personality change, tinnitu: 
abnormal dreams 

Gastrointestinal: Anorexia, diarrhea, dysgeusia, mild elevations of SG 
and LDH (see hepatic warnings), vomiting, weight 
thirst. 

Dermatological: Petechiae, pruritus, photosensitivity, urticaria. 

Other: Ambiyopia, CPK increase, dyspnea, epistaxis, eye 
hyperglycemia, sexual difficulties, nasal congestion, 
ostesarticular pain. impotence, dry mouth. 

The following postmarketing events have been reported infrequen 
tients receiving CARDIZEM: alopecia, gingival hyperplasia, erythema m 
and leukopenia. Definitive cause and effect relationship between the 
and CARDIZEM therapy cannot yet be established. 
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EDITORIAL 


Is the Term “Tricuspid Atresia” Appropriate? 


P. Syamasundar Rao, MD 


he term “tricuspid atresia” has most frequently 

been defined as the congenital absence or agene- 

sis of the morphologic tricuspid valve.'* In the 
nineteenth century** and in the early twentieth centu- 
ry, long descriptive names were used for this anomaly. 
The twentieth century term “tricuspid atresia” has been 
in common usage,** is almost exclusively used in text- 
books,” and is short and simple. Furthermore, the term 
connotes a true pathologic and clinical entity as it is 
visualized by most cardiologists, surgeons and patholo- 
gists.'“4 There has been a debate with regard to termi- 
nology between Bharati and Lev versus Anderson et 
al.©!2 I favored the old term “tricuspid atresia” and 
stated the reasons for such conclusions previously.!? I 
was repeatedly criticized!?-!6 for taking that position. 
Recently, further evidence!’ became available that will 
reaffirm my belief. This communication discusses the 
problem and the appropriateness of using the term “tri- 
cuspid atresia” to describe the congenital absence or 
agenesis of the morphologic tricuspid valve. 


THE CONTROVERSY 

Bharati et al’ in 1976 reported their anatomic obser- 
vations of 416 hearts with tricuspid atresia or stenosis 
and commented that tricuspid atresia with or without 
transposition of the great arteries is distinctly different 
from the single (primitive) ventricle with a small outlet 
chamber and outlined the reasons for their conclusion. 
Anderson et al took issue with Bharati et al’s interpre- 
tation that tricuspid atresia is not a variant of the primi- 
tive (single) ventricle and the controversy began and the 
arguments continued.™!? Anderson et al®!® attempted 
to distinguish between occluded (or imperforate) tricus- 
pid valve and absent tricuspid valve and interjected the 
term “univentricular heart” to describe both tricuspid 
atresia and the single ventricle and were just short of 
suggesting that the term tricuspid atresia be reserved 
for the rare condition!??° with well-formed but fused 
tricuspid valve leaflets; but they came around to agree 
to use the term “classical tricuspid atresia” to describe 
the heart with what they call univentricular heart of left 
ventricular type with absent right atrioventricular con- 
nection in situs solitus. I and others??:!®!2.2!,22 had diffi- 
culty in agreeing to this univentricular heart concept. 
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THE ARGUMENTS 

Anderson contended (initially)®*!! that the inflow 
portion is absent in tricuspid atresia, and therefore the 
chamber under consideration is not a right ventricle; 
furthermore, he suggested that this chamber is similar 
to the outlet chamber of the single ventricle. Therefore, 
tricuspid atresia and the single ventricle are univentricu- 
lar hearts. Bharati and Lev?:!° admitted that there usu- 
ally is no tricuspid tensor apparatus in the right ventri- 
cle of tricuspid atresia, but found a distinct area be- 
neath perital and septal bands, which they call sinus. In 
cases in which this is not grossly visible (particularly in 
cases with associated d-transposition of the great arter- 
ies), they confirmed its presence histologically.’ 

Anderson argued that the architecture of the left 
ventricle in tricuspid atresia and the main chamber 
in the single ventricle are similar and comparable,°*® 
whereas Bharati and Lev’?!° felt that the tricuspid 
atresia left ventricle is clearly a morphologic left ventri- 
cle despite occasional abnormalities, and that the main 
chamber of the single ventricle is bizarre. Furthermore, 
they observed that the atrioventricular valve of the left 
ventricle in tricuspid atresia is morphologically a mitral 
valve, whereas the atrioventricular valves in the single 
ventricle resemble each other and that no differentiation 
between tricuspid and mitral valve can be made.!° 

Bharati and Lev found that the anterior and posteri- 
or descending coronary arteries meet in the apical re- 
gion in tricuspid atresia and demarcate right and left 
ventricles, whereas the coronary arteries do not do so in 
the single ventricle.’?:!° Anderson’s observations sug- 
gested that coronary arterial pattern was similar in both 
the lesions.®* 

There is unanimity of the findings of the conduction 
systems between both groups but the interpretations 
were different. Anderson contends they are similar. 
Bharati and Lev feel strongly that they are different— 
posteriorly placed atrioventricular node and conduction 
system in tricuspid atresia and anteriorly placed con- 
duction system in the single ventricle. 

Rosenquist et al? studied 14 tricuspid atresia speci- 
mens by transillumination and found that the presumed 
site of the atretic tricuspid valve transmitted the light 
into the left ventricle in all 14 cases. Anderson et al®*® 
cite this and the evidence from his own dissection and 
microscopic studies, showing a potential communication 
of the atretic right atrial orifice with the left ventricle, 
and suggesting that tricuspid atresia is a variant of the 
single ventricle. Bharati and Lev’s’ defense is that sec- 
ondary hemodynamic changes after the first 2 months 
of gestation could place the atretic tricuspid valve any- 
where, and that therefore this argument is not valid. 
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TABLE I Comparison of Prevalence of Great Artery 
Relations in Tricuspid Atresia and Double Inlet Left Ventricle 


Double Inlet 
Left Ventriclet 
No. (%) 


Tricuspid Atresia* 
No. (%) 


Total number 653 189 
Normally related 478 (73) 32 (17) 
great arteries 
Transposition of the 
great arteries 
d-transposition 
l-transposition 


175 (27) 157 (83) 


156 (24) 73 (39) 
19 (35) 84 (44) 


* Dick and Rosenthal®; t Van Praagh et al?®; Lev et al; Marin-Garcia et al.?8-29 


In addition to the objections cited by Bharati and 
Lev that I listed earlier and with which I agree, there 
are other problems, as pointed out by Gessner.”* In tri- 
cuspid atresia most hearts demonstrate normally related 
great arteries,’ whereas most hearts with a single ven- 
tricle (double inlet left ventricle with 2 atrioventricular 
valves) exhibit transposition of the great arteries.*°°? 
When transposition of the great arteries is present, even 
the type of transposition, l- or d-transposition, is differ- 
ent for these 2 lesions (Table I). Therefore, it would 
seem that there is a fundamental difference in the evo- 
lution of these 2 entities. 

The electrovectorcardiographic patterns are differ- 
ent for these 2 conditions: The QRS vector (axis) in the 
frontal plane is directed to the left and is superior in 
most cases of tricuspid atresia,* while the frontal plane 
QRS vector in the double inlet left ventricle is directed 
to the left and inferiorly,*° again suggesting the differ- 
ence between these 2 conditions. 

Finally, when Gessner?! experimentally produced a 
double inlet left ventricle by mechanical interference in 
chick embryos, no instances of tricuspid atresia or even 





of tricuspid valve hypoplasia were seen, again suggest- 
ing dissimilarities between these 2 entities. 


A CHANGE OF MIND 

More recently, Anderson et al!43? retracted some of 
the univentricular heart concepts by making statements 
such as, “We erred when we described the included le- 
sions as univentricular hearts” and “When we used the 
term univentricular heart, we were fully aware that 
most of the hearts thus described possessed 2 ventricular 
chambers. We attempted to counter this lack of logic by 
our definition of ventricles. But.... We have now re- 
solved the matter simply by expunging the inappropri- 
ate use of ‘univentricular’ from our system.” They then 
introduced the concept of univentricular atrioventricular 
connection.'* It appears that they have done this in an 
attempt to group together all those hearts with atria 
connected to only 1 ventricle in contradistinction to 
those hearts in which each atrium is connected to its 
own ventricle.** They included tricuspid atresia as 1 of 
the entities under the umbrella of univentricular atrio- 
ventricular connection. 


THE RESOLVE 

In my opinion neither the tricuspid atresia hearts 
with well-formed but fused tricuspid valve leaflets 
(called imperforate tricuspid valve by Anderson) nor 
the classic tricuspid atresia hearts (the muscular vari- 
ety) with a dimple or a localized fibrous thickening in 
the floor of the right atrium (called absent right atrio- 
ventricular connection by Anderson) belong to the uni- 
ventricular atrioventricular connection group. Anderson 
et al®8:!8 stated that the rare form! of tricuspid atre- 
sia with well-formed but fused tricuspid valve leaflets 
has a biventricular connection; I agree, and this issue 
will not be discussed further. The more common muscu- 
lar variety, the classic tricuspid atresia, is what I will be 





FIGURE 1. Subcostal 4-chamber 2-dimensional echocardiographic views of the heart in 2 children with tricuspid atresia. Note 
dense band of echoes representing atretic tricuspid valve (ATV) (large arrows) overlying the right ventricular (RV) cavity, al- 
though part of the ATV covers the left ventricular (LV) cavity. The left atrium (LA) and right atrium (RA) are also shown. A, an 
atrial septal defect (ASD) is seen, whereas, in B, there is a ventricular septal defect (small arrow). These echocardiographic fig- 
ures demonstrate that the atretic tricuspid valve is related to the right ventricle. MV = mitral valve. 
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discussing. An excellent study of Wenink and Otten- 
kamp'’ sheds some light on the issue at hand. They 
found a tiny inlet portion in addition to the trabecular 
portion on gross examination of the morphologic right 
ventricle in 10 of 31 classic tricuspid atresia hearts stud- 
ied. Serial sectioning of 2 of these hearts showed a fi- 
brous remnant in continuity with the central fibrous 
body; this fibrous remnant was present not only above 
the left ventricle but also above the right ventricle.!’ 
The microscopic examination also confirmed that the 
right ventricle had a hypoplastic inlet portion.!’ These 
data suggest that the so-called absent right connection 
did indeed show a connection between the right ventri- 
cle and right atrium. The findings of these authors are 
of great significance in the understanding of the mor- 
phogenesis of tricuspid atresia and in providing proof 
that the atretic tricuspid valve was indeed related to the 
right ventricular inflow portion. This then becomes an 
occluded or imperforate right atrioventricular (tricus- 
pid) valve and not absent right atrioventricular connec- 
tion. These findings are further supported by our echo- 
cardiographic observation??? and that of others,3435 
where the atretic tricuspid valve overlying the hypoplas- 
tic right ventricular cavity is clearly seen (Figure 1). 

It may be surmised that after division of the atrio- 
ventricular canal, the atrioventricular orifice becomes 
atretic, perhaps due to fusion of its components.?4 The 
hypoplasia of the right ventricle may be related either to 
restriction of flow into it, because of inlet valve atresia, 
or to concomitant malalignment of the ventricular loop 
with the atrioventricular canal. Whether a muscular 
type of tricuspid atresia develops or well-developed but 
fused tricuspid valve leaflets develop depends upon the 
stage of development at which the embryologic abnor- 
mality takes place; the muscular form of tricuspid atre- 
sia develops if the embryologic abnormality occurs in 
very early gestation, and better-formed but fused valve 
leaflets occur if these embryologic abnormalities occur 
slightly later in gestation. If the valve fusion is incom- 
plete, tricuspid valve stenosis develops. The pathologic,’ 
clinical?’ and electrocardiographic*’ features of this 
lesion and tricuspid atresia are similar, and therefore it 
is not surprising that isolated tricuspid stenosis belongs 
to the group:of tricuspid atresia and that their embryo- 
logic development is similar. Thus, the tricuspid valve 
stenosis, tricuspid atresia with well-developed but fused 
valve leaflets and the muscular type of tricuspid atresia 
represent a spectrum of morphologic abnormality; the 
type of outcome depends upon the time of onset of em- 
bryologic abnormality. 

In summary, gross and microscopic findings report- 
ed by Wenink and Ottenkamp and echocardiographic 
evidence strongly support the idea that tricuspid atresia 
is not an example of univentricular atrioventricular con- 
nection and that there is biventricular concordant con- 
nection in cases with tricuspid atresia. Our own observa- 
tions during the course of many studies on tricuspid 
atresia and the single ventricle,”!?38-4° and unpublished 
observations of many angiograms and pathologic speci- 
mens of many patients with tricuspid atresia and a sin- 
gle ventricle made at several institutions where the au- 


thor has had the privilege to work, suggest that the 2 
entities are clearly different. Furthermore, these lesions 
are hemodynamically and surgically different. Because 
of these reasons we should continue to use the term tri- 
cuspid atresia as it has been used in the past. It is con- 
cluded that the term tricuspid atresia is indeed the cor- 
rect and logical term to describe this disease entity. 
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Supported Coronary Angioplasty and Standby Supported Coronary 
Angioplasty for High-Risk Coronary Artery Disease 


Carl L. Tommaso, MD, Rodney A. Johnson, MD, J. 


and Robert A. Vogel, MD 


espite advances in technology and experience, there 

continues to be an appreciable acute closure rate!~3 
associated with percutaneous transluminal coronary an- 
gioplasty (PTCA). Hemodynamic compromise may also 
occur when a wire or balloon is advanced across or inflat- 
ed in a strategically located vessel. Therefore, in high-risk 
patients, techniques are necessary to enable support of 
the coronary or systemic circulation, or both, should he- 
modynamic collapse occur. Prophylactic coronary sup- 
port strategies have included coronary sinus retroperfu- 
sion* and regional coronary perfusion of blood>® or oxy- 
genated fluorocarbons.’ The intraaortic balloon pump*® 
and percutaneous cardiopulmonary bypass”!° have been 
advocated to support the systemic circulation during 
high-risk interventional procedures or crises during more 
routine invasive procedures. 

The purpose of this report was to relate our experience 
using supported coronary angioplasty (PTCA with per- 
cutaneous cardiopulmonary bypass) and to compare it to 
a similar group of patients undergoing PTCA when the 
cardiopulmonary bypass system was not inserted but 
used as standby. This comparison will serve to (1) de- 
scribe morbidity of these procedures, (2) define indica- 
tions for percutaneous cardiopulmonary bypass use dur- 
ing PTCA, and (3) demonstrate the safety of expectant 
percutaneous cardiopulmonary bypass use. 

Since December 1987, we have used supported angio- 
plasty (S-PTCA) for very high-risk patients undergoing 
PTCA. S-PTCA utilizes percutaneous cardiopulmonary 
bypass initiated prophylactically before performance of 
coronary angioplasty. We have also performed PTCA on 
a clinically and angiographically similar group of pa- 
tients who were evaluated and prepared for percutaneous 
cardiopulmonary bypass, but the cannulas were inserted 
only in the event of hemodynamic collapse. We have 
termed this latter group standby supported angioplasty 
(SB-PTCA). The patients underwent angiographic eval- 
uation and instrumentation of the contralateral (to the 
PTCA site) femoral artery and vein with small bore 
catheters, with percutaneous cardiopulmonary bypass 
equipment and personnel available. 
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Definition of high-risk coronary artery disease was 
the same in both PTCA and SB-PTCA groups: (1) se- 
vere or unstable angina with 21 approachable target 
vessels with =75% diameter stenosis, and left ventricular 
ejection fraction 25%, or (2) >50% of the viable left 
ventricular myocardium jeopardized by a target lesion. 

Anginal symptoms were graded according to the Ca- 
nadian Heart Association classification. Heart failure 
was graded according to the New York Heart Associa- 
tion classification. The percent luminal diameter steno- 
sis was determined visually using a caliper and compar- 
ing the target lesion to a proximal segment judged repre- 
sentative of “normal” caliber. Left ventricular ejection 
fraction was determined by contrast or radionuclide an- 
giography. The extent of territory supplied by the target 


TABLE I Comparison of Patients Undergoing Supported and 
Standby Supported Angioplasty 


Standby 
Supported 
Angioplasty pValue 


Supported 
Angioplasty 


No. of pts. 
Age (yrs) 
Sex 
Angina 
class* Ill 
class IV 
CHF Class? 
> Ill 
<Ill 
LVEF (%) 
No. of coronary arteries 
narrowed >50% in diameter 
Three 
Two 
One 
LMCA 
Vessels attempted 
Successful 
% Stenosis 
Pre/post 


Mortality 
Procedural 
Late 
Morbidity 
Transfusion 
GI bleed 
Femoral vein 
thrombosis 
Femoral bleed 
Late reocclusion 
* Canadian Heart Association class. 
t New York Heart Association class. 
CHF = congestive heart failure; GI = gastrointestinal; LMCA = left main coronary 


artery dilated; LVEF = left ventricular ejection fraction; NS = not significant; PTCA = 
percutaneous transluminal coronary angioplasty. 
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vessel was determined by consensus of 2 angiographers. 
In all cases where the indication was >50% of the myo- 
cardium jeopardized, the target vessel supplied collater- 
als to another coronary artery with a proximal chronic 
total occlusion considered not amenable to balloon 
PTCA. These indications were based on the likelihood of 
hemodynamic collapse occurring should flow in the ves- 
sel cease by acute closure or during balloon inflation. 

Our experience detailed in this report reflects consec- 
utive, not randomized, patients during our initial experi- 
ence with S-PTCA. When the significant morbidity asso- 
ciated with insertion of the cannulas was recognized, we 
switched to a strategy of SB-PTCA in the subsequent 
consecutive patients with similar indications. 

Data are reported as mean + standard deviation. 

Statistical analysis comparing data from S-PTCA 
and SB-PTCA groups was done using Student’s t test 
and the chi-square method. A p value <0.05 was consid- 
ered statistically significant. 

Fourteen patients (12 men and 2 women, mean age + 
standard deviation 58 + 11 years) underwent S-PTCA. 
Results are listed in Table I. 

The SB-PTCA group consisted of 13 patients (9 men 
and 4 women, mean age + standard deviation 68 + 11, p 
<0.05; difference not significant [NS}). 

Twelve patients in the S-PTCA group had Canadian 
Heart Association class IV and 2 patients class III angi- 
na. Seven patients had New York Heart Association 
class III or IV, and 7 patients had class I or II congestive 
heart failure. Mean left ventricular ejection fraction was 
26 + 13%. 

Inthe SB-PTCA group, | patient had class III and 12 
class IV angina (p = NS). Five patients had class IH or 
IV, and 8 had class I or II congestive heart failure (p = 
NS). Mean ejection fraction of the SB-PTCA group was 
26 + 9% (p = NS). 

In the S-PTCA group, 2 patients had left main coro- 
nary artery stenosis, seven 3-vessel disease, four 2-ves- 
sel disease and one l-vessel disease. Of the SB-PTCA 
group, I patient had left main stenosis, seven 3-vessel 
disease and five 2-vessel disease (p = NS). 

The preangioplasty percent luminal diameter steno- 
sis was similar in both groups (S-PTCA 93 + 3% vs SB- 
PTCA 92 + 4%, p = NS). Results after angioplasty were 
similar (25 + 15% vs 24 + 8%, respectively). 

In 14 patients undergoing S-PTCA, cardiopulmo- 
nary bypass support was inserted by cutdown in 10 and 
percutaneously in 4. Mean flow rate was 4.5 liters/min 
and mean duration was 49 minutes. Ten patients had 
angioplasty by way of the femoral artery and 4 by way of 
the brachial artery. 

In the S-PTCA group, 18 arteries were attempted 
(1.3 arteries per patient), with 16 vessels successfully 
dilated. Thirteen of the 14 patients had their target 
arteries successfully dilated. There were 2 deaths: 1 due 
to superior mesenteric artery thrombosis, and the other 
death occurred after dilation of an unprotected left main 
coronary artery in a patient with a history of bypass 
surgery. Dissection and thrombus occurred after dilata- 
tion and a satisfactory result could not be obtained. 
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Coronary bypass was performed but she died periopera- 
tively due to uncontrollable bleeding. 

Of the other 12 S-PTCA patients, 1 patient had gas- 
trointestinal bleeding and was treated with antacids ana 
histamine blockers. One patient required reexploratior 
of the cannula insertion site for bleeding. Eight patient: 
required transfusions. One patient developed acute clo. 
sure of a nontarget vessel 36 hours after the procedure 
and had a successful emergency redilatation. 

In the 13 SB-PTCA patients, 13 vessels were at- 
tempted, all successfully. No patient developed vasculai 
problems or required transfusion. No patient requirec 
insertion of percutaneous cardiopulmonary bypass be. 
cause of hemodynamic collapse or acute closure during 
the procedure. One patient died suddenly several day: 
after successful PTCA when he suddenly developec 
chest pain, electrocardiographic changes and rapid he. 
modynamic deterioration, presumably due to late acute 
closure of the dilated vessel. 

The amount of jeopardized myocardium and left ven: 
tricular function before PTCA appear to be strong indi- 
cators of PTCA risk. Hartzler et al? reported a 2.6% 
procedural mortality in a group of patients with large 
amounts of jeopardized myocardium.’ Other data sug: 
gest that there is 2.7% procedural mortality in patients 
with left ventricular ejection fraction <40%.? 

Patients considered at high risk for PTCA are ofter 
treated with prophylactic insertion of an intraaortic bal. 
loon pump.’ Others have explored the use of coronary 
sinus retroperfusion,* and the anterograde perfusion oj 
blood,>* drugs or oxygenated fluorocarbons’ via the dila- 
tation catheter. Many of these methods have the disad- 
vantage that the dilatation catheter must be passed across 
the lesion for therapy or sufficient systemic pressure mus! 
be present to provide coronary perfusion. 

We report a group of high-risk patients undergoing 
PTCA in whom the angioplasty was performed under the 
cover of percutaneous cardiopulmonary bypass (support- 
ed angioplasty). When it became apparent that there was 
a high incidence of vascular complications, and we were 
able to deploy percutaneous cardiopulmonary support 
rapidly, we began to perform SB-PTCA. 

The use of partial cardiopulmonary bypass support 
during angioplasty appears to be very effective in sup- 
porting the systemic circulation. Segmental myocardial 
function, however, may not be spared and left ventricular 
segments supplied by target vessels may become abnor- 
mal during balloon inflation. 

As demonstrated by this study, it appears that S- 
PTCA is feasible when performed by interventionalists 
familiar with the percutaneously inserted cardiopulmo- 
nary support device. Data from the supported angioplasty 
registry have defined success and complication rates in a 
larger group of patients.!° 

The present study demonstrates that the initial indica- 
tions for S-PTCA (i.e., left ventricular ejection fraction 
<25%, or target vessels supplying >50% of the myocardi- 
um) are too liberal. Despite the similar precarious coro- 
nary anatomy and poor left ventricular function of the 
SB-PTCA cohort, no patient required percutaneous car- 





diopulmonary bypass during the procedure. High-risk 
patients can be managed with SB-PTCA; thus, it is the 
preferred approach for most patients. 

The lack of randomization of these patients weakens 
this study; however, randomization in the face of such 
high incidence of vascular problems may no longer be 
justified, since these patients did well without any system- 
ic support. 

We conclude that active S-PTCA should be reserved 
for patients who have sustained prior hemodynamic col- 
lapse during an invasive procedure, or in whom PTCA is 
aimed at the only patent vessel, or in patients who have 
exceedingly low left ventricular ejection fraction (<15%). 


Acknowledgment: We thank Sheila Askew for her sec- 
retarial assistance, Nancy Tommaso for her editorial as- 
sistance, the catheterization lab nurses and technicians 
and the perfusionists of the University of Maryland for 
their support. 


1. Mock MB, Holmes DR, Vlietstra RE, Gersh BJ, Detre KM, Kelsey SF, 
Orszulak TA, Schaff HV, Piehler JM, Van Raden MJ, Passamani ER, Kent KM, 





Gruentzig AR. Percutaneous transluminal coronary angioplasty (PTCA) in the 
elderly patient: experience in the National Heart, Lung, and Blood Institute 
PTCA Registry. Am J Cardiol 1984;53:89C-91C. 

2. Al-Bassam M, Leon M, Robertson T, Passamani E. Percutaneous transluminal 
coronary angioplasty in 1985-1986 and 1977-1981. The National Heart, Lung, 
and Blood Registry. N Engl J Med 1988;318:265-270. 

3. Cowley MJ, Dorros G, Van Raden M,' Detre KM. Acute coronary events 
associated with percutaneous transluminal coronary angioplasty. Am J Cardiol 
1984;53:17C-21C, 

4. Zalewski A, Goldberg S, Slysh S, Maroko PR. Myocardial protection via 
coronary sinus interventions: superior effects of arterialization compared with 
intermittent occlusion. Circulation 1984;71:1215-1223. 

5. Lehmann KG, Atwood JE, Snyder EL, Ellison RL. Autologous blood perfusion 
for myocardial protection during coronary angioplasty: a feasibility study. Circu- 
lation 1987;76:312-323. 

6. Stack RS, Quigley PJ, Collins G, Phillips HR. Perfusion balloon catheter. Am 
J Cardiol 1988;61:77F-80G. 

7.Cleman M, Jaffe CC, Wohlgelernter D. Prevention of ischemia during percuta- 
neous transluminal coronary angioplasty by transcatheter infusion of oxygenated 
Fluosol DA 20%. Circulation 1986;74:555-563. 

8. Alcan KE, Stertzer SH, Wallsh E, DePasquale NP, Bruno MS. The role of 
intra-aortic balloon counterpulsation in patients undergoing percutaneous translu- 
minal coronary angioplasty. Am Heart J 1983;105:527-553. 

9. Hartzler GO, Rutherford BD, McConahay DR, Johnson WL, Giorgi LV. 
“High risk” percutaneous transluminal coronary angioplasty. Am J Cardiol 
1988;61:33G-37G. 

10. Vogel RA, Shawl F, Tommaso CL, O'Neill W, Overlie P, O’Toole J, Vandor- 
mael M, Topol E, Tabari KT, Vogel J, Smith S, Freedman R, White C, George B, 
Tierstein P. Initial report of the National Registry of elective cardiopulmonary 
bypass supported coronary angioplasty. J Am Coll Cardiol 1990;15:23-29. 





Prognosis of Congestive Heart Failure in Elderly Patients with Normal 
Versus Abnormal Left Ventricular Systolic Function Associated with 


Coronary Artery Disease 


Wilbert S. Aronow, MD, Chul Ahn, PhD, and Itzhak Kronzon, MD 


he Framingham study demonstrated that the 5-year 

mortality after the onset of symptoms of congestive 
heart failure (CHF) was 62% for men and 42% for wom- 
en.' Franciosa et al? found that the 3-year mortality rate 
for men with chronic CHF due to coronary artery disease 
or idiopathic dilated cardiomyopathy was 76%. CHF 
may occur with normal or abnormal left ventricular (LV) 
ejection fraction.*>-* We report the results from a prospec- 
tive study of elderly patients with CHF associated with 
coronary artery disease correlating normal and abnormal 
LV ejection fraction with cardiac mortality and total 
mortality. 

In a prospective study, CHF was diagnosed in 294 of 
1,319 elderly patients (22%) in a long-term health care 
facility. CHF was diagnosed if 2 criteria were satisfied: 
(1) Pulmonary basilar rales were heard by 2 physicians 
including the senior author; and (2) pulmonary vascular 
congestion was present on the chest roentgenogram inter- 
preted by both an experienced radiologist and the senior 
author. 


From the Hebrew Hospital for Chronic Sick, 2200 Givan Avenue, 
Bronx, New York 10475; the Department of Epidemiology and Social 
Medicine, Albert Einstein College of Medicine, and the Department of 
Medicine, New York University School of Medicine, New York, New 
York. Manuscript received May 14, 1990; revised manuscript received 
June 25, 1990, and accepted June 26. 


M-mode and 2-dimensional echocardiograms and 
continuous-wave and pulsed-Doppler echocardiograms 
were recorded as previously described*!' at the time 
CHF was diagnosed. Technically adequate 2-dimen- 
sional echocardiograms for measuring LV ejection frac- 
tion were obtained in 247 of 294 patients (84%). All 
echocardiograms were interpreted by an experienced 
echocardiographer (I.K.). LV volumes at end-diastole 
and end-systole were calculated by planimetry from the 
2-dimensional study. LV ejection fraction was calculat- 


TABLE I Baseline Characteristics of Patients with Congestive 
Heart Failure Associated with Coronary Artery Disease and 
Normal and Abnormal Left Ventricular Ejection Fraction 


Normal LV 
Ejection 
Fraction 
(n = 68) 


60 + 6 (51-80) 
84 + 6 (62-96) 
53 (78) 
23 (34) 
25 (37) 
36 (53) 


Abnormal LV 
Ejection 
Fraction 
(n = 98) 


3449(12-49) <0.001 
81+8(62-97) <0.05 
63 (64) NS 

36 (37) NS 

88 (90) <0.001 
58 (59) NS 


Variable 


LV ejection fraction (%) 

Age (yr) 

Gender (female) (%) 

Atrial fibrillation (%) 

Third heart sound (%) 

Systemic hypertension 
(%) 

Follow-up (mos) 23+17(1-58) 16413(2-53) <0.01 


LV = left ventricular; NS = not significant. 





THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15,1990 1257 


i 


al 


Te 


p ae 
eS A ge 








Lee See Cee eae OL, POAT Se eit 
u kS ® > 7 x ` = f 


, re Pe on PEEL H = Ira A Pha wile a me. i. 
zaf ye | ea PY eee ee Oe pb. srs by StS ek oS > ane shy! > AIL 


TABLE Il incidences of Cardiac Death and Total Death in 
Patients with Congestive Heart Failure Associated with 
Coronary Artery Disease and Normal and Abnormal Left 
Ventricular Ejection Fraction 


Normal LV Abnormal LV 

Ejection Ejection 

Fraction Fraction 

(n =68) (n = 98) 

No (%) No. (%) p Value 
Cardiac death 35 (51) 83 (85) <0.001 
Noncardiac death 3 (4) 0 (0) <0.05 
Total death 38 (56) 83 (85) <0.001 


LV = left ventricular. 


ed as: (LV end-diastolic volume — LV end-systolic vol- 
ume)/LV end-diastolic volume X 100%. CHF with ab- 
normal systolic function was diagnosed if the LV ejection 
fraction was <50%.'? CHF with normal systolic function 
was diagnosed if the LV ejection fraction was 250%. 

Patients were considered at entry into the study to 
have coronary artery disease if they had a documented 
clinical history of myocardial infarction, electrocardio- 
graphic evidence of Q-wave myocardial infarction or 
angina pectoris. A systolic blood pressure =160 mm Hg 
on 3 occasions was considered systolic hypertension. A 
diastolic blood pressure =90 mm Hg on 3 occasions was 
diastolic hypertension. Aortic or mitral valvular heart 
disease was diagnosed by continuous-wave and pulsed 
Doppler echocardiography as previously described.?"'' 
Mean age of the 166 patients with CHF associated with 
coronary artery disease was 82 + 7 years (range 62 to 
97). 

Patients were followed for incidences of cardiac 
death and total death. Follow-up was from the time LV 
ejection fraction was obtained until the time of death or 
cutoff date for analysis of the data. Group comparisens 
were made using the t test for independent means and 
chi-square analysis. Survival curves of patients with nor- 
mal and abnormal LV ejection fraction were estimated 
using the Kaplan-Meier product limit estimator and 
tested for homogeneity with the log-rank and Wilcoxon 
tests. The relation between prognostic or explanatory 
variables measured at baseline and time to death was 
analyzed in the 166 patients with CHF and coronary 
artery disease using the stepwise procedure based on the 
Cox regression model (known as proportional-hazards 
model) to determine which combination of prognostic 
variables was most suitable for predicting patient surviv- 
al. 

Normal LV ejection fraction occurred in 116 of 247 
patients (47%) with CHF and in 68 of 166 patients 
(41%) with CHF and coronary artery disease. Table I 
lists the baseline characteristics of patients with CHF 
and coronary artery disease with normal and abnormal 
LV ejection fraction and levels of statistical significance. 
Table II lists the incidences of cardiac death and total 
death in patients with CHF and coronary artery disease 
with normal and abnormal LV ejection fraction and lev- 
els of statistical significance. 
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FIGURE 1. Kaplan-Meier survival curves for total death in pa 
tients with congestive heart failure associated with coronary 
artery disease and normal left ventricular ejection fraction 
(LVEF) and abnormal LVEF. 


Kaplan-Meier survival curves for total death are il 
lustrated in Figure 1. Both the log-rank and Wilcoxoi 
tests show that the 2 survival curves are significantl 
different (p <0.001). 

With use of a stepwise proportional-hazards model 
patients with abnormal LV ejection fraction have 2.3 
times higher mortality rates than patients with norma 
LV ejection fraction after controlling other prognosti 
variables. Patients with hypertension have 1.40 time 
higher death rates than those without hypertension afte 
controlling other prognostic variables. There was a 1.2: 
times higher mortality rate for an increment of 10 year 
of age after controlling other prognostic variables. 

The prevalence of normal systolic function in our prc 
spective study of elderly patients with CHF associate 
with coronary artery disease was 41%. The prevalence c 
normal systolic function in patients with CHF in othe 





studies was reported as 40%, 36%,* 42%,5 34%,® 41% 
and 13%.* A third heart sound heard by 2 physicians was 
present in 37% of our patients with CHF and normal 
systolic function. The prevalence of an audible third heart 
sound in patients with CHF and normal systolic function 
was reported in other studies as 45%, 41%4 and 21%.° 

Echocardiography, especially when combined with 
Doppler studies, is important in the management of pa- 
tients with CHF.**!? Determination of LV systolic func- 
tion and causative mechanisms of CHF is important in 
determining long-term therapy of CHF. In our popula- 
tion of 247 patients with CHF, valvular heart surgery was 
recommended to patients with CHF on the basis of Dopp- 
ler echocardiographic studies. Digitalis was not adminis- 
tered to patients with normal systolic function unless 
atrial fibrillation was present. Vasodilators were adminis- 
tered to patients with abnormal systolic function unless 
severe or moderate aortic stenosis was present, and to 
patients with normal systolic function only if needed in 
addition to diuretics to treat hypertension. 

Data from our prospective study showed that LV ejec- 
tion fraction was the most important prognostic variable 
for mortality in elderly patients with CHF associated 
with coronary artery disease. Survival rates for patients 
with CHF associated with coronary artery disease and 
normal LV ejection fraction were 78% at 1 year, 62% at 2 
years, 54% at 3 years and 44% at 4 years. Survival rates 
for patients with CHF associated with coronary artery 
disease and abnormal LV ejection fraction were 53% at 1 
year, 29% at 2 years, 22% at 3 years and 15% at 4 years. 
Cohn and Johnson® observed that the average annual 
mortality in the Vasodilator Heart Failure Trial was 8% 
for patients with CHF and a normal LV ejection fraction 
and 19% for patients with CHF and an abnormal LV 
ejection fraction. 

In addition to LV ejection fraction, hypertension and 
age were independent variables that predicted death in 


our patients with CHF associated with coronary artery 
disease. Patients with abnormal LV ejection fraction had 
a similar prevalence of hypertension as patients with nor- 
mal LV ejection fraction. Patients with CHF and normal 
LV ejection fraction were older than patients with CHF 
and abnormal LV ejection fraction. 
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Delayed Coronary Angioplasty After Thrombolytic Therapy for Acute 


Myocardial Infarction 


Thomas Little, MD, Kenneth Lee, MD, Diane Mukherjee, MD, Mark Milner, MD, Joseph Lindsay, Jr., MD, 


and Augusto D. Pichard, MD 


The role for and timing of percutaneous transluminal 
coronary angioplasty (PTCA) after thrombolytic thera- 
py for acute myocardial infarction (AMI) remains con- 
troversial. Three large randomized trials! have demon- 
strated no benefit from PTCA performed within 48 hours 
of thrombolysis. Delayed PTCA performed after 48 
hours has not been as carefully studied. Some advocate its 
use only for patients with evidence of recurrent ischemia.3 
In patients with unstable angina and angiographically 


From the Department of Cardiology, Washington Hospital Center, 


Washington, DC 20010. Dr. Little’s current address: Two Rivers Cardi- 
ology, 123 South 22nd Street, Easton, Pennsylvania 18042. Manuscript 
received January 18, 1990; revised manuscript received and accepted 
July 9, 1990. 


evident intracoronary thrombus, delaying PTCA until 
after a course of anticoagulation and antiplatelet therapy 
has improved PTCA success and reduced thromboembol- 
ic coronary occlusion. Whether delaying PTCA after 
thrombolysis for AMI produces similar benefits is un- 
known. We report our experience with delayed PTCA 
performed after thrombolysis for AMI. 

Between November 1986 and July 1989, 3,256 pa- 
tients were entered in a PTCA database. Of these, 151 
consecutive patients who underwent PTCA of the in- 
farct-related artery 3 to 14 days (mean 6) after throm- 
bolysis for AMI were identified. The indication for 
PTCA was determined by each patient’s private cardiol- 
ogist. Only stenoses with >70% diameter narrowing were 
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TABLE I Distribution of Coronary Stenoses and Angioplasty 
Success 


Infarct-Related 


gency bypass rate in the present study is identical to that 
reported in these trials. The observed 6% overall compli- 
cation rate compares favorably to the reported 20% oc- 
currence of reinfarction and ischemia after thrombolytic 


Arteries Success (%) 


therapy without subsequent PTCA.” When acute vessel 
closure does occur during delayed PTCA, it can be man- 
aged immediately by interventional techniques and by- 
pass surgery. Alternatively, untimely reinfarction after 
thrombolysis may produce a longer delay before interven- 
tional procedures are instituted and restoration of perfu- 
sion achieved. 

Although early PTCA after thrombolysis has not 
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49 (89) 

21 (81) 

59 (89) 
4 (100) 


151 (100) 133 (88) 


LAD = left anterior descending; LC = circumflex; Right = right coronary artery; 
SVG = saphenous vein graft. 
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considered for PTCA. PTCA was performed using stan- 
dard techniques. Aspirin and heparin were routinely ad- 
ministered before PTCA. Aspirin, heparin and a calcium 
channel blocker were routinely given after angioplasty. 

PTCA was considered successful if the lesion was 
reduced to <50% diameter narrowing without a major 
complication (acute vessel closure, emergency bypass 
surgery, AMI, death). Hospital survival was determined 
by a review of medical records. 

Among the 151 patients, 116 (77%) were men (aged 
35 to 80 years [mean 57]). A similar number of patients 
had received streptokinase (48%) and tissue plasmino- 
gen activator (52%). 

Overall, left ventricular ejection fraction was normal 
(>50%) in 19 (13%), mildly impaired (40 to 50%) in 94 
(62%), moderately impaired (30 to 40%) in 26 (17%) 
and severely depressed (<30%) in 12 (8%). Sixty-nine 
patients (46%) had 1-vessel coronary disease, 68 (45%) 
had 2-vessel disease and 14 (9%) had 3-vessel disease. 
PTCA of only the “infarct-related” stenosis was per- 
formed in 106 (70%) patients. Multivessel PTCA was 
performed in 16 (11%) and multilesion PTCA in the 
remaining 29 (19%). 

The results of PTCA are listed in Table I. Right 
coronary and left anterior descending artery dilatations 
= were the procedures most frequently attempted. Suc- 
cessful dilatation was achieved in 133 of the 151 lesions 
(88%). Half of the unsuccessful attempts (9 of 18) oc- 
curred in the 23 patients with total coronary occlusions. 
The outcome of PTCA was similar for patients treated 
with streptokinase and tissue plasminogen activator. Se- 
rious complications were encountered in 9 patients (6%). 
Acute vessel closure occurred in 5 patients (3%) requir- 
ing repeat PTCA in 3 and emergency bypass surgery in 2 
other patients. Emergency coronary bypass surgery was 
performed in 3 other patients owing to intracoronary 
thrombus formation without evidence of ischemia. There 
was 1 myocardial infarction and 1 (0.7%) patient died in 
the hospital after bypass surgery. 

This retrospective study of delayed angioplasty after 
thrombolysis for AMI demonstrates an 88% complica- 


been supported by randomized trials,!-> emerging evi- 
dence suggests potential benefits from delayed PTCA. 
After successful thrombolysis, PTCA is necessary to im- 
prove exercise ejection fraction. Unsuccessful throm- 
bolysis with persistent vessel occlusion after AMI is asso- 
ciated with a higher long-term mortality and lower left 
ventricular ejection fraction than if coronary patency is 
achieved even late after the acute period of infarction.®’ 
Although PTCA success for total occlusions was only 
61% during this series, recent technical improvements 
have increased our success rate to 94% for recent occlu- 
sions.® 

Unlike reported results of early PTCA after throm- 
bolysis, delayed PTCA was found to be safe and effective 
in this study. These results are subject to the limitations of 
a retrospective study and the potential for bias in patient 
referral and case selection at a tertiary care center. Pro- 
spective evaluation of delayed PTCA will be required to 
confirm these results and evaluate the effects of antico- 
agulation and other factors on outcome. 
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tion-free success rate. This is comparable to the results 
generally achieved by elective PTCA. The results are also 
similar to the 94 and 84% success rates of delayed PTCA 
achieved in 2 small randomized trials. The 3% emer- 
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Natural History of Posterobasal Left Ventricular Aneurysm 


Morteza Amidi, MD, Steven Royal, MD, Edward Curtiss, MD, and Maureen Puskar, RN 


T he data from 2,500 patients undergoing cardiaccathe- 
terization were reviewed to detect the presence of a 
posterobasal left ventricular (LV) aneurysm. An aneu- 
rysm was defined as a localized mural protrusion that 
extended beyond the LV contour during both systole and 
diastole.'* In all cases, left ventriculography was per- 
formed in the 30 degree right anterior oblique position. 
The area over the left ventricle exclusively at the aneu- 
rysm and the area of the aneurysm were determined 
planimetrically (Figure 1). The ratio of aneurysm area to 
total LV area was used as an index of aneurysm size; it 
was estimated for both systole and diastole. The length of 
the longitudinal chord at the connection of the aneurysm 
to the left ventricle was compared with the largest similar 
cord of the aneurysm, per se. The smallest LV size was 
considered systole and the largest LV area usually simul- 
taneous with the peak of the R wave on the electrocardio- 
gram over the cine trace was considered diastolic LV 
area. 

Fourteen patients (0.6%) were identified as having a 
posterobasal LV aneurysm. All patients had a history of 
myocardial infarction. The infarction occurred 1.5 to 15 
years before our study. No patient had symptomatic 
congestive heart failure or history of sudden collapse 
suggestive of rhythm disturbances. All 14 patients had 
electrocardiographic evidence of diaphragmatic wall 
myocardial infarction; all had a large Q wave 20.04 
second and depth of >3 mV in lead III. ST elevation 
20.1 mm was present in leads II, III and aVF only in 1 
patient. One patient had left anterior fascicular block, 
and | had anomalous atrioventricular excitation of the 
Wolff-Parkinson-White type. In all patients, the mouth 
of the aneurysm to the left ventricle was the largest 
longitudinal dimension of the former consistent with the 
true aneurysm. The area of aneurysm ranged from 9 to 
42% of the LV area in diastole and 8 to 50% in systole. 
During systole the aneurysmal area increased in 3, re- 
mained unchanged in 4 and decreased in7 patients. No 
aneurysm with circumscribed neck suggestive of false 
aneurysm was observed among these patients. The pa- 
tients underwent cardiac catheterization during the last 
6 years and diaphragmatic wall infarction ranged from 
18 months to 15 years. Two patients died from noncar- 
diac causes (1 from carcinoma of the stomach and the 
other from pneumonia and sepsis). Four patients under- 
went coronary artery bypass grafting for symptoms re- 
lated to additional coronary artery disease. Only 1 pa- 
tient had ventricular dysrhythmia that required electro- 
physiologic study. Operative intervention was successful 
but aneurysmectomy was not performed. Four patients 
continued to have stable angina. 
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Decision-making for management of posterobasal LV 
aneurysm is difficult because of lack of reported follow- 
up data. Buehler et al? described 6 cases of false aneu- 
rysm among 10 posterobasal LV aneurysms, and con- 
cluded that most aneurysms in this location are false, that 
they have high propensity for rupture, and that operation 
is recommended. Codini et al* found 20 cases of postero- 
basal LV aneurysm among 354 operations for LV aneu- 
rysm during a 10-year period. Only 1 case of false aneu- 
rysm was present among these cases. These reports origi- 
nated in referral surgical centers and therefore these 
cases are highly selective. Experience with our 14 cases of 
LV aneurysm of various sizes indicates the following 
characteristics: (1) Angiography was in keeping with the 
true aneurysm of the diaphragmatic wall in all patients. 
(2) Clinical progression of these patients were very satis- 
factory. (3) No cardiac rupture or peripheral emboliza- 
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FIGURE 1. Left ventricular angiogram in systole and diastole 
showing posterobasal aneurysm. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15,1990 1261 


aa 
\ 


tion originated from the left ventricle where noted. (4) No 
LV aneurysmectomy was necessary in any patient. 
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Physician Attitudes Toward the Use of Type IC Antiarrhythmics After 
the Cardiac Arrhythmia Suppression Trial (CAST) 


James A. Reiffel, MD, and James R. Cook, MD 


i nthe mid 1980s, 2 compounds considered to be class IC’ 
antiarrhythmic agents, flecainide and encainide, re- 
ceived approval in the U.S. for treating symptomatic, or 
life-threatening ventricular arrhythmias, or both. Despite 
a notable proarrhythmia risk,!-!? their use grew because 
of high efficacy, low organ toxicity, and otherwise excel- 
lent patient tolerance. In August 1989, however, the Car- 
diac Arrhythmia Suppression Trial (CAST)!*'* high- 
lighted the proarrhythmic risk of these 2 agents and the 
Food and Drug Administration (FDA) responded by re- 
labeling these drugs. They are now approved in the U.S. 
only for the treatment of lethal ventricular tachyarrhyth- 
mias. FDA sanctions and specific package labeling, how- 
ever, have never guaranteed that a drug will be used 
according to such sanctions and instructions. Physicians 
are free to exercise therapeutic judgment, assuming an 
appropriate rationale and support from the medical liter- 
ature. Given the favorable efficacy, convenience and side 
effect profiles of encainide and flecainide apparent before 
CAST, we hypothesized that their use might continue 
despite the recent FDA guidelines. To test this belief, we 
formulated a questionnaire concerning the use of class IC 
agents after CAST. We assumed this information would 
interest drug regulators, pharmaceutical manufacturers, 
investigators and those physicians in practice who pre- 
scribe or avoid IC agents without certainty as to peer 
behavior. 

The questionnaire, reproduced in Table I, was sent to 
all U.S. and Canadian physicians in the North American 
Society of Pacing and Electrophysiology (NASPE) as 
well as to a small random sample of NASPE physicians 
not from North America. This constituted approximate- 
ly 950 physicians. The survey, however, was not devel- 
oped by NASPE, and the results do not imply any 
NASPE position or sanction. NASPE physicians were 
targeted to receive the questionnaire because we felt they 
had a strong interest in patients with arrhythmias, had 
the most experience among their peers with antiarrhyth- 
mic therapy, and may constitute the most suitable model 

for other physicians using antiarrhythmic drugs to con- 
sider. Also, as leaders in the use of antiarrhythmic thera- 
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py, these physicians may represent a reasonable micro- 
cosm for the FDA and pharmaceutical manufacturers to 
view. The responses were anonymous. The 374 question- 
naires returned by April 1, 1990, form the basis of this 
report (Table II). 

The use of class IC agents before CAST was assessed 
with question 7, to which 166 (45%) of those responding 
indicated that their use was mostly for ventricular ar- 










































TABLE I Questionnaire 


Please put a check mark next to each applicable answer. 


1. Has your use of class IC agents (encainide, flecainide) 
a) increased 
b) decreased 
c) remained the same 
since the publication of the CAST results? 
2. Do you/would you still use encainide and/or flecainide? 
a) yes 
b) no 

3. If you currently use IC drugs, do you/would you limit them to 

patients with sustained ventricular tachyarrhythmias? 
a) yes 
b) no 
4. If you currently use IC agents for arrhythmias other than sustained 
ventricular tachyarrhythmias, do you/would you use them: 
a) for nonsustained ventricular tachycardia 
b) for supraventricular tachyarrhythmias 
c) for symptomatic premature complexes 
d) for arrhythmias associated with preexcitation 
e) others (please specify) 

5. If you currently use IC agents for sustained ventricular 
tachyarrhythmias, do you/woulc you ever use them as the first 
drug? 

a) yes 
b) no 
6. In about how many patients taking encainide or flecainide did you 
stop drug therapy because of the CAST results? 
a) 100% 
b) >50% 
c) 25-50% 
d) <25% 
e) none 
7. In what types of patients was your use of IC agents most frequent 
prior to CAST? 
a) ventricular arrhythmias 
b) supraventricular arrhythmias 
8. In what types of patients did you stop IC drug therapy after CAST? 
9. If a new IC agent became available, would your use of it 
a) be the same as encainide and flecainide? 
b) depend upon the package labeling? 


CAST = Cardiac Arrhythmia Suppression Trial. 








rhythmias; 185 (50%) indicated use mostly for supra- 
ventricular arrhythmias; and 19 (5%) indicated use 
about equal for both ventricular and supraventricular 
arrhythmias. Thus, before CAST, about half of the re- 
spondents used encainide and flecainide predominately 
for unapproved indications. 

The frequency of IC use subsequent to CAST was 
assessed with question 1, to which 295 (79%) of those 
responding indicated that their use had decreased, 
whereas 77 (21%) indicated that their use was un- 
changed. Two respondents reported a surprising in- 
crease. Additionally, the percentage of patients in which 
encainide and flecainide were stopped because of CAST 
or FDA relabeling was assessed with question 6, to which 
21 (6%) of those responding said 100%, 102 (27%) said 
>50 but <100%, 58 (16%) said 25 to 50%, 126 (34%) 
said <25%, whereas 66 (18%) indicated no discontinua- 
tion. Thus, most respondents decreased their use of en- 
cainide and flecainide after CAST (question 1) but were 
not dissuaded from continuing them in the majority of 
patients already on drug therapy. Moreover, 339 (91%) 
of those responding to question 2 said they still use 
encainide or flecainide, whereas only 35 (9%) said they 
do not. This suggests that although the use of encainide 
and flecainide has diminished, only 7% (21/308) of those 
who decreased their use have actually stopped using 
these agents, with more stopping them in patients previ- 
ously started (question 6) than indicating that they 
would no longer begin them (question 2). 

The pattern of IC use subsequent to CAST was as- 
sessed with questions 3 and 4. Only 69 (18%) of those 
responding to question 3 indicated that use after CAST 
was limited to sustained ventricular tachyarrhythmias, 
whereas (question 4) 101 indicated use for nonsustained 
ventricular tachycardia, 89 for symptomatic premature 
complexes, and 304 for supraventricular tachyarrhyth- 
mias. Most physicians indicated more than 1 choice for 
question 4. Additionally, when respondents were asked 
(question 5) whether they ever use class IC agents as 
initial antiarrhythmic therapy when treating sustained 
ventricular tachyarrhythmias, 322 (90%) of those re- 
sponding said “no” whereas an unexpected 36 (10%) 
said “yes.” 

The potential response to new class IC agents such as 
propafenone,'> if and when available, was assessed with 
question 9, to which 168 (45%) of those responding indi- 
cated use identical to encainide and flecainide (perhaps 
viewing all class IC agents as the same), whereas 129 
(35%) indicated use dependent upon specific package 
labeling, 61 (16%) amended the questionnaire to indi- 
cate use dependent upon the specific drug and its medical 
literature (in contrast to product labeling alone), and 29 
had miscellaneous additional comments. 

Finally, to assess internal consistency of answers as 
well as to acquire more details on specific types of pa- 
tients in whom class IC agents are now being used, ques- 
tion 8 asked (in free text form) the type of patients in 
whom physicians did not discontinue encainide or flecai- 
nide after CAST. Encainide and flecainide were contin- 
ued by 208 respondents for supraventricular tachyar- 
rhythmias (with 49 specifically denoting patients with 
preexcitation), by 102 for sustained ventricular tachy- 
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TABLE Il Resonses to Each Item in Table | 


No. of 
Responses 





Question Item 







text 


Responder write-ins = 77 (see text). 


cardia or fibrillation, and by 37 for nonsustained ventric- 
ular tachycardia, or symptomatic premature complexes, 
or both. Thus, the majority of patients who were contin- 
ued on a type IC agent remained on that agent for supra- 
ventricular tachyarrhythmias. Judging from the re- 
sponses to question 4, this is also the major reason for 
starting a class IC agent at present. In contrast, re- 
sponses to question 8 suggest that very few patients with 
nonsustained ventricular tachycardia, or premature 
complexes, or both, were continued on the drugs after 
CAST and FDA relabeling, whereas responses to ques- 
tion 4 indicate a willingness to use them now for such 
patients in a greater proportion, as compared to supra- 
ventricular tachyarrhythmia patients, than was the case 
immediately after CAST. Additional comments made in 
response to question 8 included use only with guidance 
by electrophysiologic testing (48 respondents), use when 
patients are refractory to or intolerant of other agents 
(52 respondents), continued use when patients were clini- 
cally stable on an IC drug at the time of CAST (28 
respondents), insistence on normal ventricular function 
or absence of coronary artery disease, or both (91 re- 
spondents), and drug stopped at the patient's request 
because of media reports (7 respondents). 

Because physicians are not required to use drugs for 
the indication(s) approved by the FDA, a drug’s use may 
differ from that which is specified in the package label- 
ing. Accordingly, when the labeling for encainide and 
flecainide was changed after CAST, we were uncertain as 
to how their actual use would be affected. The wide 
publicity of the CAST results in the lay press, the rapid 
and direct notification of physicians of these results, the 
abrupt freeze on encainide and flecainide research by the 
manufacturers and the discontinuation of their advertis- 
ing presumably should have led to a marked decline in the 
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use of these agents and contraction of their use to patients 
with the new restricted indications. However, physician 
experience and satisfaction with these drugs might favor 
their continued use. Also, the limited patient population 
enrolled in CAST with uncertain extrapolation to other 
patients, serious design concerns about CAST, which be- 
came particularly evident in retrospect, results of class IC 
use in numerous other published studies, as well as other 
factors, might mitigate against the marked restriction in 
the use of encainide and flecainide recommended by the 
FDA and envisioned by their manufacturers. As a pre- 
liminary effort to assess the use of IC agents after CAST, 
we formulated our questionnaire. It was sent to members 
of NASPE who, by their membership, comprise a group 
of physicians particularly interested and experienced in 
the treatment of cardiac rhythm disorders. We have no 
data to indicate how the use of drugs by such experts may 
differ from that of other physicians, though it is our bias 
that use by non-arrhythmologists may initially be more 
conservative than but later follow the trend set by their 
more expert colleagues. Additionally, while we received 
back only about 40% of the questionnaires mailed, it was 
our a priori assumption that those NASPE physicians 
who are primarily surgeons and whose arrhythmia man- 
agement is essentially limited to device (pacemaker, defi- 
brillator) implantation would not respond. Thus, the re- 
ceipt of 374 questionnaires probably constitutes a re- 
sponse by the majority of the physicians we hoped to 
target, though this assumption may be incorrect. Wheth- 
er those who did not respond would have answered simi- 
larly to or differently from our respondents is unknown. 
However, even if all of the non-responders said they no 
longer use IC agents, the overall incidence of use in all 
physicians surveyed would still approach 32%—1 out of 
every 3 physicians! 

Our pilot survey indicates that although approximate- 
ly 80% of respondents decreased the use of IC agents after 
CAST: (1) about 80% continued encainide and flecainide 
in most of the patients already on therapy before CAST; 
(2) about 90% will still begin these agents; and (3) a 
substantial percentage of respondents used encainide and 
flecainide for unapproved indications before CAST and 
continue to do so now, with more using them for supra- 
ventricular tachyarrhythmias than for any other arrhyth- 
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mia. Only 20% limit use to sustained ventricular tachy- 
arrhythmias, despite the relabeling. It would also appear, 
however, that a healthy concern about their use in pa- 
tients with organic heart disease or without electrophysio- 
logic guidance (at least in patients with ventricular ar- 
rhythmias) is beginning to take hold. These patterns indi- 
cate that FDA instructions cannot be equated with actual 
patterns of physician usage of available pharmaceuticals. 
Further details about IC usage patterns would be of great 
interest and we would encourage a larger, more thorough 
survey. 
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Treatment of Ventricular Arrhythmias in Children Without Structural 
Heart Disease With Class IC Agents as Guided by Invasive 


Electrophysiology 
Christopher L. Case, MD, and Paul C. Gillette, MD 


Aios the efficacy of class IC antiarrhythmic agents 
in the treatment of supraventricular and ventricular 
arrhythmias in adults has been clearly demonstrated, se- 
rious proarrhythmic effects have been reported.! These 
agents have also proven useful in the pediatric population, 
but there is growing concern that similar proarrhythmic 
potential exists.” Recognizing that these drugs, although 
very useful, may also be deadly, we have adopted a proto- 
col at the Medical University of South Carolina that uses 
invasive ventricular stimulation after drug administration 
to help assess the risk/benefit ratio of these agents in the 
treatment of ventricular arrhythmias. Since mid-1987, 
all 23 children with ventricular arrhythmias treated with 
IC agents have had invasive stimulation performed after 
drug administration to evaluate efficacy or proarrhyth- 
mia, or both. Ten of these children with structurally nor- 
mal hearts, treated solely with IC agents, were tested in 
the electrophysiology laboratory both before and after 
drug administration; data from these 10 patients were 
used in this investigation (Table I). 

Five boys and 5 girls (median age 8 years) comprised 
the study patients. Eight were treated with flecainide and 
2 with encainide. All children were begun on IC agents in 
the hospital while being monitored on telemetry. The 
starting dose of flecainide was 70 to 100 mg/m2/day, 
given every 12 hours, with incremental increases until 
therapeutic response was attained. The average flecai- 
nide dose of the study group was 106 + 49 mg/m’. 
Encainide was started at 30 to 60 mg/m?/day, given every 
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8 hours, with a similar gradual increase until efficacy 
was reached. The average encainide dose was 100 + 35 
mg/m’. A therapeutic response was judged to be present 
if sustained ventricular tachycardia was abolished or 
premature ventricular contractions reduced to <10/hour 
as evaluated by Holter monitoring, or both. After clini- 
cal efficacy was established, all patients underwent pro- 
grammed ventricular stimulation in the electrophysiol- 
ogy laboratory. The protocol included the delivery of 
single and double ventricular extrastimuli into sinus 
rhythm or a ventricular paced rhythm. Eight-beat ven- 
tricular burst pacing was performed until 2:1 noncapture 
was reached. Proarrhythmia was defined as a ventricu- 
lar arrhythmia induced in the study after IC therapy, 
which had a shorter cycle length, was more sustained, 
was hemodynamically less stable, or was more easily 
induced than in the study before IC therapy. 

Of the 10 patients studied, 1 satisfied criteria for 
proarrhythmia. This was an 8-year-old girl (patient no. 
6) with prolonged QT syndrome who had ventricular 
tachycardia induced in her study after IC therapy, which 
was both faster and more disorganized than that induced 
before IC therapy. This child’s clinical tachycardia had 
previously been unsuccessfully controlled with propran- 
olol and mexilitine, individually and in combination. 
She was cautiously started on flecainide and had her 
electrophysiologic evaluation performed while on a dose 
of 75 mg/m’. The proarrhythmic effect was induced with 
burst ventricular pacing, and the patient had no sequelae 
from this episode. Examination of the electrocardio- 
grams before and after IC therapy of all study patients 
revealed that both flecainide and encainide had a tenden- 
cy to lengthen the PR, QRS and QTc intervals. The 
degree of lengthening of the electrocardiographic inter- 


TABLE I Class IC Therapy for Pediatric Ventricular Arrhythmias as Evaluated by Electrophysiologic Studies 


Clinical 
Arrhythmia 


Age (yr) 


VT Induced 
Before IC Therapy 





VT Induced 
After IC Therapy 


IC Therapy EPS 


Encainide 
Flecainide 
Flecainide 
Flecainide 
Flecainide 
Flecainide 
Flecainide 
Flecainide 
Flecainide 
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vals after IC therapy in the child with inducible proar- 
rhythmia was not excessive when compared to the study 
group as a whole. Likewise, the drug dose of this child 
was lower than the average Mecania dose of the study 
group. 


are receiving IC agents have satisfied criteria for proar- 
rhythmia as evaluated by programmed ventricular stimu- 
lation. This protocol, which relies on invasive electrophys- 
iology, does have some limitations. It is quite possible that 
_ proarrhythmic effects observed during ventricular stimu- 


All 10 patients were ‘Alive ane well with 21 year of lation may not be clinically relevant.5® Despite this limi- 


follow-up. The patients who were noninducible on IC 


tation, we have used data obtained from the electrophysi- 


agents have continued their IC medications with good ology laboratory as a critical element in the management 


efficacy and no suspected clinical proarrhythmia. Thel- 
patient with inducible proarrhythmia has since had a 
stellate ganglionectomy, but still needs mexilitine to 
control her arrhythmia. 

Although the recent findings of the Cardiac Arrhyth- 
mic Suppression Trial have Highlighted the potential 
proarrhythmic effects of IC agents,* the implications c of 


these findings for the pediatric patient are uncertain. In - 


_ strategy involving the use of IC agents in the pediatric 


patient with ventricular arrhythmias. 
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an attempt to avoid total abandonment of the use of Ic ey flecainide or encainide. Circulation 1989;80:(suppl)4:387 (abstr). 
agents in children, we elected to use invasive ventricular 
stimulation after IC therapy to help assess the relative 
risk/ benefit ratio of these agents in the control of pediat-- 
ric ventricular arrhythmias. Since 1987, we have found 
that 1 of 10 children with structurally normal hearts who 
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Clotting: 
it happens in vitro. 









































hen using any contrast medium, good angio- 
graphic technique is important. However, even 
when meticulous technique is used, some mixing 
of blood with contrast media in syringes is possi- 
ble. Prolonged contact of blood and contrast media 
can lead to clot formation. 





In vitro comparative studies show that Hexabrix 
possesses a greater anticoagulant potency than oy 
iopamidol or iohexol.' + 


Nonionics permit thrombin generation to occur 
when mixed with whole blood in vitro; no thrombin 
was detected when Hexabrix was mixed with 
whole blood.* 


Reinfusion of thrombin-containing mixture could 
pose a potential hazard in procedures where there 
is likelihood of slow or stagnant flow (ie, PTCA).* 
This may be particularly important in patients with 
defects in the coagulation system.‘ 


Hexabrix had less effect than the nonionic 
iopamidol-370 on hemodynamic factors follow- 
ing left ventriculography in a recent compara- 
tive study." 


Hexabrix has the lowest osmolality (per mg iodine) 
of the low-osmolar contrast media. 


Hexabrix makes hand injections during PTCA 
easier with a lower viscosity (compared with 
iopamidol-370 or iohexol-350 at 37°C).° 


Please see the following page for references and brief summary 
of prescribing information. 


Hexabrix 


(ioxaglate meglumine 39.3%/ 
loxaglate sodium 19.6% injection) 


tLicensed by Guerbet, S.A. Registered U.S. Patent and Trademark Office. 


4exabriix' (ioxagiate meglumine 39.3%/ioxaglate sodium 19.6% injection) 


HEXABRIX* 
ch milliliter of HEXABRIX contains 393 mg of ioxaglate 
glumine, 196 mg of ioxaglate sodium and 0 10 mg edetate 
cium disodium as a stabilizer. The solution contains 3.48 
(0.15 mEq) sodium in each milliliter and provides 32% 
0 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 

XABRIX is contraindicated for use in myelography. Refer to 
ECAUTIONS concerning hypersensitivity. Hysterosaipin- 
graphy should not be performed during the menstrual 
iod; in pregnant patients: in patients with known infection 
any portion of the genital tract: or in patients in whom 
vical conization or curettage has been within 
days. Arthrography should not be performed if infec- 
1 is present in or near the joint 


WARNINGS 

ic iodinated contrast media inhibit blood coagulation, in 
0, More than nonionic contrast media. Nonetheless, it is 
ident to avoid prolonged contact of biood with syringes con- 
ving ionic contrast media. 
Serious, rarely fatal, thromboembolic events causing 
rocardial infarction and stroke have been reported during 
giographic procedures with both ionic and nonionic contrast 
dia. Therefore, meticulous intravascular administration 
hnique is necessary, particularly during angiographic pro- 
on, to minimize thromboembolic events. Numerous 

itors, including length of procedure, catheter and syringe 


ents. For these reasons, meticulous angiographic tech- 
jues are recommended including close attention to guide- 
re and catheter manipulation, use of manifold systems 
d/or three-way stopcocks, frequent catheter flushing 
th heparinized saline solutions and minimizing the length 
the procedure. The use of plastic syringes in place of glass 
ringes has been reported to decrease but not eliminate 
3 likelihood of in vitro clotting 

As with any contrast medium, pee ig 0 Apa a 

permanent paralysis, can occur following cerebral 
arteriography 


oe. since they strongly potentiate neuro- 
jic effects 

In patients with subarachnoid hemorrhage, a rare associa- 
n between contrast administration and clinical deterioration, 
cluding convulsions and death, has been reported. 
erefore, administration of intravascular iodinated contrast 
adia in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
ents in patients who are known to have multiple myeloma. In 
ch instances anuria has developed, resulting in progressive 
emia, renal failure and eventually death. Although neither the 
ntrast agent nor dehydration has separately proved to be the 
use of anuria in myeloma, it has been speculated that the 
mbination of both may be a causative factor. The nisk in 
yelomatous patients is not a contraindication to the pro- 
dure; however, partial dehydration in the preparation of 


en successful in reversing the effect. Myeloma, which 
curs most commonly in persons over 40, should be con- 
Jered before instituting intravascular administration of 
ntrast agents. 

Administration of radiopaque materials to patients known 
‘ suspected to have pheochromocytoma should be per- 
rmed with extreme caution. Ift, in the opinion of the 
lysician, the possible benefits of such procedures outweigh 
e considered risks, the procedures may be performed; 
wever, the amount of radiopaque medium injected should 
| kept to an absolute minimum. The blood pressure should be 
sessed throughout the procedure, and measures for treat- 
ent of a hypertensive crisis should De available 

Since intravascular administration of contrast media may 


In patients with advanced renal disease, iodinated contrast 
edia should be used with caution and only when the need for 
e examination dictates, since excretion of the medium may 
: impaired. Patients with combined renal and hepatic 
sease, those with severe hypertension or congestive heart 
ilure and recent renal transplant recipients present an 
\ditional risk. 

Renal failure has been reported in patients with liver 
'sfunction who were given an oral cholecystographic agent 
lowed by an intravascular iodinated radiopaque agent and 
30 in patients with occult renal disease, notably diabetics and 

ives. In these classes of patients there should be no 
lid restriction and every attempt:made to maintain normal 
‘dration prior to contrast medium injection, since dehydra- 
mm is the single most important factor influencing further 
nal impairment. 
Caution should be exercised in performing contrast 
edium studies in patients with endotoxemia and/or those 
ith elevated body temperatures. 

Reports of thyroid storm occurring following the intra- 
iscular use of iodinated radiopaque agents in patients with 

idism or with an autonomously functioning thyroid 
dule, suggest that this additional risk be evaluated before 
€ of this drug. lodine-containing contrast agents may alter 
e results of thyroid function tests which depend on iodine 
timation, e.g., PBI, and may also affect results of radioactive 
dine uptake studies. Such tests, if indicated, should be per- 
tmed prior to the administration of this preparation 


PRECAUTIONS 
agnostic procedures which involve the use of iodinated 
travascular contrast agents should be carried out under the 
rection of personnel skilled and experienced in the particular 
ocedure to be performed. All procedures utilizing contrast 
edia carry a definite risk of producing adverse reactions. 
hile most reactions are minor, life-threatening and fatal reac- 
yns may occur without warning, and this risk must be 
sighed against the benefit of the procedure. A fully equipped 
nergency cart, or equivalent supplies and equipment, and 
irsonnel competent in recognizing and treating adverse reac- 
ins of all types should always be available. If a serious reac- 
yn should occur, immediately discontinue administration. 
nce severe delayed reactions have been known to occur, 
facilities and competent personnel should be avail- 
Ne for at least 30 to 60 minutes after administration. (See 
VERSE REACTIONS.) 
Preparatory dehydration is dangerous and may contribute 
‘acute renal failure in infants, young children, the elderly, 


patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
panents (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore. 
caretul consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 

severe reactions. No conclusive relationship between severe 
ractibés and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idhosyncratic reaction in patients who have previously received 
zcontrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patent 
should be questioned to obtain a medical history with empha- 
ss on allergy and itivity. A positive history of bron- 
enial asthma or allergy (including food), a family history of 
allergy, or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potentia! for 
rzaction, although not necessarily the severity or type of reac- 
bon in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history. a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
sor 24 hours after injection. Antihistamines should be adminis- 
‘ered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
Doth their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients, however. a higher 
‘incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
‘to identity untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
‘the duration of contact of the contrast agent 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: It is advisable to monitor tor 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg. particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract 

Peripheral Arteriography. Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment; however, the blood pressure should be monitored 
for approximately ten minutes following injection 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is rec- 
ommended. This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine 

Intra-Arterial Digital Subtraction Angiography: Tne risks 
associated with [A-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 

from the site of arterial puncture 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
property positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspectec 
thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system 

Extreme caution during injection of contrast media 
is necessary to avoid extravasation and fluoroscopy is 


recommended. pe aad ey 
severe arterial orvenous disease 

Excretory Uregraphy: Infants and small children should 
not have any fluid restrictions prior to excretory urography 
(See WARNINGS and PRECAUTIONS concerning preparatory 
dehydration.) 

Contrast Enhancement in Body Computed Tomography 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of am 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega 
tive diagnosis Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography. Strict aseptic technique is required to pre- 
vent the introduetion of infection. Fiuoroscopic contro! should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
ot excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressuresnot be exerted during the injection. 

Hysterosalpingography. Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma t 
avoid possible spread of the lesion by the procedure. 
Delayed onset af pain and fever (1-2 days) may be indicative af 
pelvic infection 

Carcinogenesis, Mutagenesis, Impairment of Fertility No 
long-term animal studies have been performed to evaluate 
carcinogenic petential. However, animal studies suggest that 
this drug is notmutagenic and does not affect fertility in males 
or females 


Pregnancy Category B- Reproduction studies have desn 
performed in mts and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidenceof 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, mo adequate and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should ve 
used during pregnancy only if clearly needed. 

Nursing Mothers. \oxaglate salts are excreted unchangec in 
human milk Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted tor 
breast feedings for 24 hours following the administration of 
this drug 

Pediatric Use: Satety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure _) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into ‘wo 
categories’ chemotoxic reactions and idiosyncratic reactions 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injunes 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions They 
occur more frequently in patients 20 to 40 years ald 
Idiosyncratic reactions may or may not be dependent on the 
dose injected. the speed of injection, the mode of injectionsand 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are selftimited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory 

NOTE: Net all of the following adverse reactions have Geen 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravasculancontrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later; the main feature being cardiac arrest with cardiovaseular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10.000 patients (0.01 percent) 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during corenary 
arteriography anc left ventriculography. 

The mosi frequent adverse reactions are nausea, vernating , 
facial flush and a feeling of body warmth. These are usually of 
brief duration. in double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
Stuffiness, coughing, choking, dyspnea, chest tightness and 
wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack, ‘anyngo- 
spasm and Dronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 


reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances, 
and death. 

Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 

Severe cardiovascular include rare cases 
of hypotensive shock, coronary insufficiency. cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management; 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resu'ting frem spinal cord injury and 
pathology associatec with the syndrome of transverse 
myelitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling. shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have Clinically insignificant 
ECG changes. The following adverse effects have eccurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, 

anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular , ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection af coronary 
arteries, dislodgement of atheromatous plaques, perforation. 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral ic adverse reac- 
Mlieka: ib apasare aeneon 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of imection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. infrequently, a more severe 
burning discomfort s observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties Visual field defects with anopsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure. The blond pressure 
change is transient and usually requires no treatment. 
Arthrog may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have Deen reported following 
hysterosalpingography. 


OVERDOSAGE 
Overdosages may occur. The acverse effects of 
are life-threatening and affect mainly the pulmonary and car- 


bradycardia, acidosis, pulmonary hemorrhage, 

coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LDsp values of HEXABRIX (in grams 
of iodine/kilogram body weight) were 11.2 g/kg in mice, 
> 8 g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg 
in dogs 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 


Rev. Nov. 1989 
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Safety and Efficacy of In-Office Cardioversion for Treatment of 


Supraventricular Arrhythmias 
Michael F. Lesser, MD 





ee cardioversion has been an accepted tech- 
‘nique for the correction of supraventricular arrhyth- 
mias nearly since its introduction by Lown et al in 1962.! 
Although multiple reports documenting complications, 
and describing potential complications of this procedure 
have been reported,’ its overall safety has been well 
demonstrated both for emergent as well as elective inter- 
vention over the past 25 years.° In fact, we now routinely 
treat patients for life-threatening arrhythmias as “outpa- 
tients” with the automatic implantable cardioverter-defi- 
brillator.°-’ Despite this, few, if any, published reports are 
available on the routine use of this in-office technique to 
correct common supraventricular arrhythmias such as 
atrial fibrillation and atrial flutter. Use of this technique 
has been reported in an outpatient setting in a hospital 
emergency room® not only with excellent efficacy and 
safety, but also with rapid (2 hours) discharge and ambu- 
lation. This report describes our results of a routine proce- 
dure for countershock therapy applied to outpatients in a 
routine, in-office setting. 

The Melbourne Cardiac Institute, a division of The 
Osler Medical Clinic, is a private practice cardiology 
group following approximately 10,000 patients. One ex- 
amining room was converted to a “monitoring room” by 
adding a hospital bed and telemetry unit, which could 
transmit around the corner to the nursing station and 
general patient care area. The purpose of the room was 
to care for semiacute illnesses in our cardiac patients, in 
the hope of avoiding hospitalizations for significant, but 
routine (e.g., congestive heart failure) medical/cardiac 
problems. The room otherwise is set up as any other 
examining room, although a television and lounge chair 
were added for family members and to provide a relax- 
ing atmosphere. After several years of admitting patients 
to the hospital for routine “outpatient” cardioversions, it 
was decided that similar efficacy and safety could be 
obtained at a significantly reduced cost by doing the 
procedure in the office. The additional benefits of saved 
physician and patient time, reduced anxiety for the pa- 
tient by avoiding hospitalization, and the advantage of 
having a physician on site in the hours after the cardio- 
version, made this concept additionally attractive. 

All patients with supraventricular arrhythmias, who 
were hemodynamically stable, were eligible for the 
study. No patient was excluded because of age, ventricu- 
lar function or extent of medical therapy. All procedures 
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were done in the “monitoring room” as previously de- 
scribed. Telemetry monitoring with transmission to the 
nurses Station (30 feet away) was available. Each patient 
underwent an identical protocol. If the patient was tak- 
ing antiarrhythmic medications, therapy including di- 
goxin was continued. The patient was instructed to avoid 
eating breakfast, and present to the office typically be- 
fore 10 A.M. An electrolyte panel was recorded (run 
STAT in office), and a baseline electrocardiogram was 
obtained. All patients were given an anticoagulant regi- 
men of warfarin (mean Protime 17.8) for a minimum of 
2 weeks unless the documented duration of the arrhyth- 
mia was <48 hours or there was a specific contraindica- 
tion to its use, in which case aspirin was given (to <10% 
of patients). Most patients also underwent echocardiog- 
raphy (available in office) before the procedure to ex- 
clude the possibility of gross, undiagnosed intracardiac 
thrombi. Although we recognized the limited sensitivity 
of this procedure, this was done additionally to minimize 
risk because of the limited documentation of similar 
approaches in published reports. 

Informed consent was obtained and the patient was 
prepared with anteroposterior paddle locations using 
electrode pads. The local emergency medical service was 
notified that a cardioversion was going to be performed. 
An intravenous line was begun (at the time blood was 
drawn) and was used for the administration of between 3 
and 30 mg of intravenous diazepam or midazolam. Usu- 
ally the patients became unconscious within 30 to 120 
seconds. When they no longer responded to voice, syn- 
chronized cardioversion with 160 to 360 J was attempt- 
ed. Up to 3 shocks were applied in some cases before 
restoration of sinus rhythm. All shocks were done with 
continuous monitoring available both through the car- 
dioverter device as well as remote monitoring. A 
“STAT-KIT” (Banyan Co.) complete with all necessary 
“crash cart” drugs and devices was available in the room 
at all times. 

Typically, the patients were awake and alert within 2 
hours of the procedure, some at 30 minutes and com- 
pletely amnestic of the experience. No patient required 
emergency transport or hospitalization after the proce- 
dure. The patients were aged 35 to 94 years (mean 65). 
Forty-seven (68%) were men, 22 (32%) women; 54 (78%) 
had atrial fibrillation, 15 (22%) atrial flutter. Underly- 
ing diseases were mixed coronary/valvular (45%), coro- 
nary artery disease (25%), hypertension (18%), alcohol- 
ic cardiomyopathy (7%) and miscellaneous (5%). Ejec- 
tion fractions ranged from 16 to 74% (mean 54), with 11 
patients (16%) having ejection fractions <40% and 7 
patients (10%) ejection fractions <25%. Left atrial size 
ranged from 2.2 to 5.5 cm (mean 3.8). 
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An average energy of 214 J was required, reflecting 
our usual starting energy of 220 J. This was adjusted 
downward on several occasions either because of the 
patients’ rhythm (atrial flutter), advanced age or small 
size. Fifteen patients (34%) had multiple cardioversions 
(separate days). Diazepam anesthesia was administered 
as the initial 6 procedures (range 12 to 25 mg, mean 17); 
however, midazolam was given to the remaining 63 
(range 3 to 30 mg, mean 7). 

Primary success was obtained in 64 of 69 procedures 
(93%), with 85% converting on the first shock. Twenty- 
five (57%) remain in sinus rhythm after a follow up of 1 
to 41 months (mean 18). Twenty-three (92%) continue to 
take digoxin and 18 (72%) concomitant antiarrhythmic 
therapy. 

Arrhythmias occurred after 15 cardioversions (22%). 
These typically were short-lived runs of supraventricu- 
lar or ventricular extrasystoles in the immediate post- 
conversion (5 minutes) period. Additional pharmacolog- 
ic intervention for tachy- or bradyarrhythmias was nec- 
essary only in i patient. Specifically, this consisted of 
intravenous atropine and subsequently low-dose (0.1 
mg) epinephrine to correct a persistent marked sinus 
bradycardia with slow junctional escape, which never- 
theless was not accompanied by hypotension. 

Three late events did occur, thought to be partly 
related to the cardioversion procedure itself. One 85- 
year-old woman developed acute pulmonary edema, re- 
quiring hospitalization 8 hours after going home. This 
was associated with a significant hypertensive episode, 
and similar events had occurred previously. In addition 
to significant hypertension and moderate systolic dys- 
function, the patient had prominent left ventricular hy- 
pertrophy and moderate renal insufficiency, and was 
presumed to have significant “diastolic” failure as well. 
A 70-year-old man had an embolism in the leg 24 hours 
after cardioversion for atrial fibrillation, despite therapy 
with warfarin (Protime 18.8). He was hospitalized and 
successfully treated with intravenous thrombolytic ther- 
apy. A 68-year-old man died 48 hours after cardiover- 
sion of unknown causes. This same patient had under- 
gone 2 previous cardioversions, in the same outpatient 
environment, without incident. A phone discussion with 
his widow revealed episodes of chest pain the evening of 
his death and it was believed that the most likely cause 
was acute myocardial infarction, especially since he had 
coronary artery disease documented by cardiac catheter- 
ization. An autopsy was not performed. Had his cardio- 
version been done in a hospital, he would presumably 
have been discharged the following morning and thus 
would have died the second night after hospital dis- 
charge. 

This report details that cardioversion can be per- 
formed routinely and safely in an outpatient setting. Ad- 
ditional precautions were taken because of age, underly- 
ing heart disease, and also limited reporting of similar 
approaches. Nevertheless, in no instance was a procedure 
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rescheduled because of electrolyte abnormalities, no pa- 
tient required emergency transport to the hospital, and no 
notable late (220 minutes after the procedure) arrhyth- 
mias were picked up by the telemetry monitoring system. 

The implications of this study are significant. In these 
times of declining health care dollars, significant savings 
can be obtained by performing this procedure as an out- 
patient. In our area, the typical charge for an inhospital 
“outpatient” cardioversion is about $900. Add an over- 
night stay, and it can rapidly go as high as $1,300 to 
$1,400. The same procedure can be performed in the 
office for $250 to $400. If we assume a similar potential 
frequency of potential outpatient cardioversions among 
the general population of cardiologists of 1 per month, 
and assume an average cost savings of $250 per cardio- 
version (very conservative) and extrapolate this to the 
approximately 3,000 cardiologists nationwide we arrive 
at a cost savings of $9,000,000 a year. I believe this to be a 
very conservative figure and twice this amount may be 
closer to the real figure. The advantage of all this is that 
savings are accomplished with an improvement in the 
delivery of care without any loss of efficacy or safety. 
Patients are actually much more receptive to an outpa- 
tient cardioversion, rather than being hospitalized for the 
same procedure. Most associate the hospital with signifi- 
cant illness or dangerous procedures and thus become 
more apprehensive about the whole process. Doing the 
same procedure in the outpatient environment is actually 
somewhat reassuring. In addition, because we took “all 
comers,” including those advanced in age, as well as with 
significant left ventricular dysfunction, we have demon- 
strated efficacy and safety in a rather nonselect patient 
population. Because many had significant underlying 
heart disease, we have proven safety and efficacy in a 
patient population from which we would expect more 
than the average number of adverse outcomes. 
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Effects of Amlodipine on Blood Pressure, Heart Rate, Catecholamines, 
Lipids and Responses to Adrenergic Stimulus 


Larry M. Lopez, PharmD, Alfred D. Thorman, PA-C, and Jawahar L. Mehta, MD, PhD 


Vi anagement of systemic hypertension with calcium 
antagonists is gaining increasing acceptance.! Anti- 
hypertensive therapy with these agents, however, is limit- 
ed by frequent adverse effects and need for frequent daily 
doses. Amlodipine is a new dihydropyridine derivative 
currently undergoing evaluation for therapy of hyperten- 
sion. Although qualitatively similar to nifedipine, amlodi- 
pine has a longer duration of action and may be useful as 
a single daily dose.* This study evaluated effects of differ- 
ent doses of amlodipine given once daily to patients with 
mild to moderate hypertension. Its effects on adrenergic 
response to isometric exercise? and plasma levels of cate- 
cholamines and lipids were also evaluated. 

Ambulatory patients with a diastolic blood pressure 
(BP) between 95 and 114 mm Hg during 2 consecutive 
clinic visits were eligible for the trial. Patients with se- 
vere angina, heart block, severe or labile hypertension, 
failure of any major organ system, recent myocardial 
infarction or cerebrovascular accident were excluded. 

The study was divided into 2 segments each of which 
lasted 4 weeks. Segment I, a single-blind placebo period, 
was designed to confirm diagnosis and stability of hyper- 
tension and familiarize patients with experimental pro- 
cedures. 

In segment II (treatment phase) each patient received 
either placebo or amlodipine 2.5, 5 or 10 mg/day in a 
double-blind fashion. Patients were instructed to take 
their medication once daily at 8:00 AM except on clinic 
appointments days. On these days medication was taken 
after completion of experimental procedures. 

During each clinic visit BP and heart rate (HR) were 
measured in the supine position after 5 minutes of rest 
and again after 1 minute of quiet standing. After another 
5 minutes of rest, BP and HR were again measured 
before and after 1 minute of sustained isometric hand- 
grip. 
At the end of segments I and II, laboratory tests to 
assess hematologic, renal or hepatic dysfunction were 
performed. Also, fasting plasma lipid profiles and levels 
of catecholamines were obtained at the same time. Sub- 
sequently, each patient was admitted to the Clinical Re- 
search Center where supine and erect BP and HR were 
measured hourly for 12 hours and again 24 hours later. 
During each clinic visit patients were questioned about 
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adverse drug reactions and tablet counts were performed 
to assess compliance. 

BP and HR during isometric handgrip and at the end 
of segments I and II in supine and erect positions were 
compared using Student’s t test for paired data. One- 
way repeat-measures analysis of variance was used to 
evaluate BP and HR changes over 24 hours. Subsequent 
pairwise comparisons were made with Student's t test for 
paired data employing Bonferroni's correction. A p value 
<0.05 was considered significant. 

Sixteen patients entered and completed both seg- 
ments of the trial. All were men aged 43 to 74 years 
(mean + standard error of the mean 61 + 2) with mean 
duration of hypertension of 12 + 3 years. Baseline char- 
acteristics of these patients were similar (Table I). 

Placebo therapy had little effect on BP and HR. 
Monotherapy with amlodipine, however, reduced BP 
without affecting HR (Figure 1). No significant differ- 
ences were detected between different doses of amlodi- 
pine with respect to antihypertensive effect (Table I). 
Consequently, all data from patients receiving all doses 
of amlodipine were combined for all subsequent analy- 
ses. 


TABLE I Summary of Patients 


Amlodipine 


10.0 mg 
(n=4) 


Placebo 
(n= 4) 


2.5meg 
(n=4) 


163/101 


Baseline supine 
blood pressure 
(mm Hg) 

Baseline erect 
blood pressure 
(mm Hg) 

Age (yrs) 

Weight (Ibs) 

Race 

Smokers 

Duration of 
hypertension 
(mos) 


162/101 
+8/42 


164/103 
+7/+3 


66+1 
176415 
4W /0B 
1 


135 +60 


153/99 
+7/+1 


149/101 
+6/+1 


61+4 
18147 
3W/1B 
4 
6342 


166/102 
47/42 


168/101 
+13/+2 


6344 
203 + 10 
2W/2B 

2 

96 + 69 


+5/+2 


153/103 
+5/+43 


5742 
218+ 20 
1W/3B 

1 
257 +95 


Blood Pressure Changes (mm Hg) 


=2 
thie 


+5 0 
—13* ~11* 
-9* -5 -10* -6 
—}1* —10* =]17* —11* 

* p <0.05 refers to between group (amlodipine versus placebo) differences. 


B = black; DBP = diastolic blood pressure; SBP = systolic blood pressure; W = 
white. 


+2 
=§ 


Placebo 

Amlodipine (2.5 mg) 
Amlodipine (5.0 mg) 
Amlodipine (10.0 mg) 
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Changes in supine BP and HR over 24 hours after 4 
weeks of therapy with placebo or amlodipine are shown 
in Figure 2. BP over 24 hours was reduced by amlodipine 
(p <0.02) by all doses evaluated, whereas HR was mini- 
mally affected. 

Sustained isometric handgrip was associated with 
increases in BP and HR in placebo-treated patients. BP 
was lower in patients taking amlodipine, but it increased 
by the same magnitude as in placebo-treated patients 
(difference not significant). HR also increased similarly 
in patients taking placebo or amlodipine (Figure 3). 

Patients taking placebo complained of leg pain (n = 
1), headache (n = 2), ankle edema (n = 1), anxiety (n = 
1) and chest wall pain (n = 1). Leg pain and headache (1 
patient each) were also reported during amlodipine ther- 
apy. No clinically significant changes in clinical labora- 
tory values were observed during placebo or amlodipine 
therapies. All observed adverse effects were mild and 
none required discontinuation of any patient from the 
trial. 

Plasma concentrations of total cholesterol, triglycer- 
ides, and high-density lipoprotein cholesterol were un- 
changed during therapy with amlodipine, whereas low- 
density lipoprotein cholesterol decreased significantly 
(165 + 17 vs 133 + 12 mg/dl, p = 0.01). Plasma concen- 
trations of norepinephrine increased (410 + 31 vs 554+ 
55 ng/ml, p = 0.02), whereas those of epinephrine and 
dopamine were unaffected. 

In this study, amlodipine effectively reduced BP with- 
out affecting HR. Furthermore, administration of single 
daily doses ranging from 2.5 to 10.0 mg resulted in reduc- 
tion of BP for the entire 24-hour dosing period. BP reduc- 
tion with amlodipine, 2.5 mg/day, was indistinguishable 
from doses of either 5.0 or 10.0 mg/day. Effectiveness of 
lower doses of amlodipine in this study may be related to 
the higher mean age of patients in this study compared 
with ages of patients in previous studies (61 vs 50 years).* 
Calcium antagonists have been more effective as antihy- 
pertensive agents at lower doses in the elderly than in 
younger hypertensive counterparts.” é 


SYSTOLIC 
BLOOD 
PRESSURE 
(mm Hg) 


DIASTOLIC 
BLOOD 
PRESSURE 
(mm Hg) 


@ Placebo 
HEART © Amiodipine 
RATE t+ 
(beats/min) tts 


Baseline Treatment Baseline Treatment 





was unaffected by amlodipine, whereas blood pressure was 
significantly reduced. Data are presented as mean + standard 
error of the mean. 
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The observation that use of amlodipine preserves the 
daily pattern of BP and HR fluctuations is novel and 
probably important. Similar effects on BP and HR have 
not been observed in patients treated with nadolol or 
atenolol but have been reported in association with vera- 
pamil and nifedipine. Whether preservation of such fluc- 
tuations in BP and HR is beneficial with use of amlodi- 
pine is unclear. However, such preservation is probably 
physiologic.’ 

Although other calcium antagonists have been shown 
to exert a-adrenergic blocking effects,’ we observed no 
significant effect of amlodipine on BP response to isomet- 
ric handgrip, a potent a-adrenergic stimulus. Absence of 
a-adrenergic blockade may relate to the fact that adverse 
effects such as orthostasis, nasal stuffiness, or both, were 
not observed in our patients. 

We observed a slight but significant decline in plasma 
concentrations of low-density lipoproteins, whereas total 
cholesterol and triglyceride levels were unaffected in am- 
lodipine-treated patients. Currently, there is emphasis on 
potential adverse effects of some antihypertensive agents 
on plasma lipid profiles. Minimal effects on plasma lipids 
exerted by amlodipine in this study are in marked con- 
trast to adverse effects of other antihypertensive agents, 


SYSTOLIC 


BLOOD 
PRESSURE 
(mm Hg) 


e Placebo 


HEART CAS 


RATE 
(beats/min) 


6 a. we. we 
HOURS AFTER DOSE 


FIGURE 2. Variation in supine blood pressure and heart rate 
during placebo or amlodipine (all doses) therapy. Data are pre- 
sented as mean + standard error of the mean. * = p <0.05 
refers tc within group (baseline-final) comparison. 


BLOOD 
PRESSURE 
(mm Hg) 
DIASTOLIC 


è Placebo 
O Amlodipine 


HEART 
RATE 
(beats/min) 


FIGURE 3. Mean changes in blood pressure and heart rate in 

response to sustained handgrip exercise. Blood pressure and 

heart rate increased similarly during therapy with placebo and 

Pee AEE ee E ee 
mean. 


such as 6 blockers and diuretics on plasma lipids.® Simi- 
larly, amlodipine-induced changes in plasma catechol- 
amines were also minor. Plasma norepinephrine levels 
increased slightly, whereas epinephrine and dopamine 
were not affected. Notably, even though concentrations 
of norepinephrine were elevated, HR was not increased. 
This observation suggests that amlodipine does not sup- 
press some responses to sympathetic stimulation. 

In summary, amlodipine reliably reduces BP for a full 
24-hour dosing period without causing reflex tachycar- 
dia. Such BP reduction is achieved while a-adrenergic 
response and physiologic fluctuations in BP and HR were 
preserved. Adverse effects were infrequent and mild. 
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Effect of Mitral Regurgitation on the Left Ventricular Outflow 
Pressure Gradient in Obstructive Hypertrophic Cardiomyopathy 


Paul A. Tunick, MD, Rachel Lampert, MD, John L. Perez, BA, and Itzhak Kronzon, MD 


ynamic left ventricular (LV) outflow obstruction was 

first described in a patient with concentric LV hyper- 
trophy by Brock! in 1957. Three years later, Braunwald 
et al? reported 12 patients with idiopathic hypertrophic 
subaortic stenosis; 11 of 12 had mitral regurgitation 
(MR) demonstrated either at operation or by the reflux 
of dye into the left atrium. Using catheterization, it has 
been demonstrated that interventions that decrease or 
increase outflow obstruction may decrease or increase 
MR.*4 However, the latter study found no statistically 
significant correlation between the degree of MR and the 
LV outflow gradient. To investigate this relation noninva- 
sively, we reviewed Doppler echocardiographic studies in 
a large series of patients with hypertrophic cardiomyopa- 
thy (HC). 

Between July 1987 and November 1989, 116 patients 
with HC had M-mode, 2-dimensional, pulsed Doppler, 
continuous wave and color-flow echocardiography. 
These 116 studies were retrospectively reviewed and 7 
patients (6%) were excluded: 4 because of concomitant 
valvular aortic stenosis, and 3 because the studies were 
not technically adequate. The remaining 109 patients 
comprised the study group. There were 58 men and 51 
women; their ages ranged from 38 to 91 (mean 69 + 11) 
years. Patients were included only if they had both 
asymmetric septal hypertrophy and mitral systolic ante- 
rior motion. 

All echocardiograms were done on commercially 
available equipment. The LV outflow gradient was de- 
termined by continuous wave Doppler, with care taken to 
orient the direction of the transducer so as to obtain a 0° 
angle with the direction of flow from the apex. Pulsed 


From the Non-Invasive Cardiology Laboratory, Department of Medi- 
cine, New York University Medical Center, 560 First Avenue, New 
York, New York 10016. Manuscript received April 25, 1990; revised 
manuscript received and accepted June 28, 1990. 





Doppler was used to localize the area of obstruction to 
the outflow tract. The outflow velocity was easily recog- 
nized by its characteristic late-peaking configuration. 
The degree of MR was determined from the color-flow 
studies.” This was done in a semiquantitative fashion by 
evaluating the jet of MR visually in multiple orthogonal 
planes and assessing the area of the jet as well as the 
relation of the jet area to the area of the left atrium. 
Because the grading of MR was done individually over 
the study period by the 5 cardiologists in the laboratory 
before this retrospective review, the grading was done 
blindly with respect to the purpose of this study. 
Chi-square analysis was used to compare the degree 
of MR with the degree of LV outflow gradient. Patients 
with gradients <36 mm Hg (flow velocities <3.0 meters/ 
second [m/s]) had mild obstruction. Patients with gradi- 
ents from 36 to 63 mm Hg (flow velocities 3.0 to <4.0 m/ 
s) had moderate obstruction. Patients with gradients 
264 mm Hg (flow velocities 24.0) had severe obstruc- 
tion. This was followed by residual analysis. Analysis of 
variance was used to analyze the mean LV outflow gra- 
dients among groups with differing degrees of MR. Be- 
cause group variances are unequal, as detected by Le- 
vine's test for homogeneity of variance, the Welch and 
the Brown-Forsythe tests were used to analyze variance. 
Because only 4 patients had severe MR, they were ex- 


TABLE I Degree of Mitral Regurgitation 
None Mild Moderate Severe 


LVOT velocity 


<3 m/s (%) 21(31) 39(57) 8 (12) 0(0) 
3-3.9 m/s (%) 5 (26) 7 (37) 5 (26) 2(11) 
24m/s(%) 3 (14) 7 (32) 10(45) 2 (9) 


LVOT = left ventricular outflow tract; m/s = meters/second. 
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cluded from the latter 2 tests to minimize unequal group 
sizes. The mean outflow gradient in these 4 patients was 
higher than that of patients in any of the other groups. 

A p value <0.05 was considered significant. In the 
residual analysis, the familywise error rate was also kept 
at 0.05. 

Eighty of 109 patients with HC had MR (73.4%). 
Mild MR was present in 53 (48.6%), moderate MR in 23 
(21.1%) and severe MR in 4 (3.7%). 

Sixty-eight of 109 patients had LV outflow velocities 
<3.0 m/s (no or mild gradients). Nineteen patients had 
outflow velocities from 3.0 to 3.9 m/s (moderate gradi- 
ents). The remaining 22 patients had resting LV outflow 
velocities =4.0 m/s (severe gradients). The highest rest- 
ing gradient was 150 mm Hg (range 0 to 150, mean 30 + 
36 mm Hg). Forty-three patients (39%) had no resting 
outflow gradients. Thirty-five of those with no resting 
gradients were provoked with the Valsalva maneuver (8 
patients), amyl nitrite inhalation (25 patients) or both (2 
patients). Twenty-seven of the 35 patients who were pro- 
voked developed outflow gradients with provocation 
(77%). These provocable gradients ranged from 16 to 
164 mm Hg (mean 51 mm Hg). MR was assessed at rest 
only, and not with provocation. 

The incidence of varying degrees of MR in patients 
with varying degrees of outflow obstruction is summa- 
rized in Table I. Of the 68 patients with no or mild 
gradients, 21 had no MR (31%), 39 had mild MR (57%), 
8 had moderate MR (12%) and none had severe MR. Of 
the 19 patients with moderate gradients, 5 had no MR 
(26%), 7 had mild MR (37%), 5 had moderate MR 
(26%) and 2 had severe MR (11%). The remaining 22 
patients had severe resting outflow gradients. Three of 
these had no MR (14%), 7 had mild MR (32%), 10 had 
moderate MR (45%) and 2 had severe MR (9%). 

Since mild MR on Doppler has been demonstrated in 
many normals,°° we divided our study patients into 2 
groups—those with no or mild MR and those with mod- 
erate or severe MR (who were considered to have signifi- 
cant MR). Of the 68 patients with no or mild resting 
outflow gradients, 60 had no or mild MR (88%) and only 
8 had significant MR (12%). Of the 19 patients with 
moderate resting gradients, 12 had no or mild MR 
(63%) and 7 had significant MR (37%). Of the remain- 
ing 22 patients with severe resting gradients, 10 had no or 
mild MR (45%) and 12 had significant MR (55%). 

Chi-square analysis revealed that the MR and the 
outflow gradients are associated (chi-square = 18.1, p = 
0.0001). To interpret the chi-square results, residual 
analysis was done. To keep the familywise error rate at 
the 0.05 level, the Bonferroni method for correction was 
used. The p value for the residual analysis of each cell 
had to be less than 0.008 (0.05/6 cells). This corresponds 
to az value of 2.41, which was exceeded by the 4 cells 
corresponding to the groups with no or mild gradients 
and high gradients. Thus, the chance of having a high 
outflow gradient with no or mild MR is significantly less 
than in patients with significant MR. 

The mean outflow gradient in patients with no, mild, 
and moderate MR was 20, 23, and 51 mm Hg, respec- 
tively. Analysis of variance showed that this difference 
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was Statistically significant (Welch test p = 0.0141; 
Brown-Forsythe test p = 0.0046). The mean outflow 
gradient in the 4 patients with severe MR was 70 + 38 
mm Hg. 

It was recognized very early that the MR that oc- 
curred in patients with HC was occurring in association 
with normal mitral leaflets, as seen in the operating room, 
and the mechanism of MR was thought to be a distortion 
of the mitral apparatus by the hypertrophied septum.? 
When systolic anterior motion was noted on LV contrast 
angiography, MR could be seen occurring under the mi- 
tral leaflets. It was postulated that coaptation of the leaf- 
lets was prevented by this abnormal motion.!? MR was 
shown to be mainly midsystolic in 20 of 22 patients with 
HC, and that it came and went with the obstruction 
during followup or pharmacologic interventions.'! In 28 
patients studied by pulsed Doppler echocardiography, all 
of the 14 patients with systolic anterior motion had MR, 
whereas only half of the 14 without systolic anterior mo- 
tion had MR.!? This group did not comment on the sever- 
ity of MR, only on its presence. Other authors have found 
that the administration of angiotensin resulted in the 
relief of the outflow gradient as well as the abolition of 
MR.‘ In 1 study, angiotensin resulted in a decrease in the 
outflow gradient as well as the MR in 11 of 15 patients 
and no change in the MR despite a drop in outflow 
gradient in the other 4 patients; however, this group 
found no statistical correlation between the outflow gra- 
dient and the degree of MR before the administration of 
angiotensin.'? A recent study did show a correlation be- 
tween the degree of MR and the outflow gradient at 
rest,'4 but only 16 patients were evaluated. Another 
group studied 10 patients with color Doppler echocardi- 
ography, and found that the degree of MR was not relat- 
ed to the severity of systolic anterior motion.!° 

In view of these conflicting findings, we sought to 
evaluate a large group with HC using Doppler echocardi- 
ography to assess the pathophysiologic changes in these 
109 patients. Our findings show that there is a convincing 
direct relation between the degree of outflow obstruction 
and the degree of MR. In fact, moderate MR was seen in 
only 12% of those with little or no outflow obstruction, 
and severe MR was not present at all in this group (0% of 
68 patients). In contrast, moderate or severe MR was 
present in 55% of those with severe resting outflow gradi- 
ents. The results were highly statistically significant. 

MR may play an important clinical role in further 
elevating the left atrial pressure, which is already high in 
these patients with diastolic LV dysfunction. Fortunately, 
the same treatment may reduce both the obstruction and 
the MR, as they are interrelated. We have recently shown 
that the degree of MR decreases in patients with severe 
aortic stenosis when their valvular gradients are reduced 
with aortic valve replacement.'® A prospective study be- 
fore and after medical therapy for HC would help to 
elucidate the relation further in these patients. 
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Combined Obstructive Hypertrophic Cardiomyopathy and Stenotic 


Congenitally Bicuspid Aortic Valve 


Paul S. Brown, Jr., MD, Charles Stewart Roberts, MD, Charles L. Mcintosh, MD, PhD, 


William C. Roberts, MD, and Richard E. Clark, MD 


ypertrophic cardiomyopathy (HC) is a congenital 

heart disease. Persons with 1 type of congenital heart 
disease are more prone to a second congenital heart con- 
dition than are persons without any congenital cardiac 
condition. The frequency of the congenitally bicuspid 
aortic valve in the general population is believed to be 
about 1%.' Therefore, it might be expected to be present 
in an occasional patient with a more uncommon condi- 
tion, such as HC. The present report describes findings in 
4 patients with coexisting HC and a congenitally bicuspid 
aortic valve. 

The records of the Surgery Branch, National Heart, 
Lung, and Blood Institute, were searched for all patients 
who had a cardiac operation for HC and who had coex- 
isting aortic valve disease. From 1960 to 1990 a total of 
525 patients with HC underwent ventricular septotomy 
and partial septectomy (hereafter referred to as myoto- 
my and myectomy) and 29 (5%) of them had coexisting 
aortic valve disease: pure aortic regurgitation in 20 pa- 
tients and aortic valve stenosis with or without regurgita- 
tion in 9 patients. Of the latter 9 patients, 5 had tricuspid 
aortic valves, and 4 had bicuspid aortic valves. This 
report focuses on the 4 patients with combined HC and 
stenotic congenitally bicuspid aortic valves. 

Pertinent findings in the 4 patients are summarized in 
Table I. All 4 patients were in New York Heart Associa- 
tion Functional class III or IV. Patients 1 and 2 had 
other family members with HC. Grade 3/6 systolic pre- 
cordial murmurs, loudest along the left sternal border, 
were audible in all 4 patients, and the murmur was made 
louder by standing or by the Valsalva maneuver. Pa- 
tients 1, 3 and 4 had a second systolic murmur that 
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radiated to the neck, suggestive of valvular aortic steno- 
sis. By echocardiogram the thickness of the ventricular 
septum was considerably greater (ratio >1.6) than that 
of the left ventricular free wall, and systolic anterior 
motion of the anterior mitral leaflet was present in all 4 
patients. The peak systolic pressure gradient between the 
left ventricle and ascending aorta was >70 mm Hg in all 
4 patients (Figure 1). At operation, all 4 patients had 
calcified, stenotic, congenitally bicuspid aortic valves 
(Figure 2). A typical mural endocardial plaque in appo- 
sition to the anterior mitral leaflet was present in all 4 
patients. The ventricular septum by palpation was se- 
verely thickened and typical of that found in HC associ- 
ated with a normal aortic valve. The portions of excised 
ventricular septum histologically had myofibril disorga- 
nization consistent with HC. All 4 patients had a lessen- 
ing of their symptoms of cardiac dysfunction late post- 
operatively. 

Coexisting HC and valvular aortic stenosis have been 
reported in at least 30 patients since 1960,4 but usually 
the only evidence of HC was a ventricular septum thicker 
than the left ventricular free wall. Although asymmetric 
septal hypertrophy is usually present in HC, it also occurs 
in about 10% of patients with valvular aortic stenosis, and 
in about 10% of patients with systemic hypertension.>° 
Thus, to diagnose HC in the presence of valvular aortic 
stenosis, findings other than a disproportionately thick- 
ened ventricular septum are necessary, and such was the 
case in the 4 patients described here. 

The congenitally bicuspid aortic valve appears to oc- 
cur with the same frequency in patients with obstructive 
HC as in the general population (each about 1%). At least 
2 patients with HC and a congenitally bicuspid stenotic 
aortic valve have been reported by others. One, a 52- 
year-old man, had a 73-mm Hg peak systolic left ventric- 
ular outflow pressure gradient, a ventricular septum con- 
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Echo Data 


LV—AA psg$ 


Prosthesis AAP 


AmountVSLVOT AV AV 


EH 


Age 


Pt. (Yr)/ 





Rest Provoked 
(mm Hg) 


s/d(mm Hg) 


Weight FC 
Type (Size) (1-4) 


Ca 
Plaque (0—4) (g) 


Mural 


Excised 


+ VPC VS LVFWLA 
(0-4) Response (mm) (mm) (mm) SAM (g) 


AR 


(mm Hg) Cl 


235/12 93/56 142° 


psg 
238/10 123/62 115° 


of FC 


No. &Sex HC (1-4) 


s/d(mm Hg) 


50 2.2 16.5 1 


140/72 10 
160/10 142/80 22 


(21) 1 150/5 
150/10 125/80 25 


BS 


4.7 


BS? (19) 2 


1.4 
7.2 


2+ 
4+ 


SJM# (27) 1 


110/65 95° 


195/5 


130/80 — 


t provokable gradient to 125 mm Hg with isoproterenol; * concomitant coronary artery bypass grafting: $ highest 


(27) 2-2 


H 


145/60 75 


220/9 
* Left ventricle to ascending aorta pullback pres 


absent; — = unknown. 


0= 


myotomy and myectomy; psg = peak 
present; 


F = female; FC = functional class (New York Heart 
= male; MM 
ventricular septum; + 


left ventricle pressure; M 


calcification; Cl = cardiac index (liters /min/m3); 


ar free wall; LVP 
ventricular premature complex; VS 


k Shiley; Ca 
left ventricul 


1/90. 
BS = Bjor 
St. Jude Medical: VPC 


ft ventricular; CVFW 


ts were alive at 4 


aortic valve he ype 
=le 


erenol: | all patien 


VR 
left atrium; LV 


aortic valve; A 


fusion of isoprot 
cardiomyopathy; LA 


rgitation; AV 


peak systolic /end-diastolic pressure; SJM 


neuver, inhalation of amyl nitrite or in 
= a ron 3 
= hypertrophic 
leafiet, s/d= 


rosthesis; HC 


sure measurements demonstrated <25 mm Hg aortic valvular component to the gradient; 
essure; AR 


pr 


Hancock piop ;HC-= 
systolic anterior motion of the anterior mitral 


AAP = ore aortic 


); FH = family history; 


systolic gradient; SAM 


ng aorta; 


gradient measured during Valsalva ma 


ascendi 


provokable 
AA= 
Association 





1274 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


pe te Di 
LEERE A IRRITA 2 Satie. ee aol oe pe ara PERE y j 


siderably thicker than thie left ventricular free all aa 
systolic anterior motion of the anterior mitral leaflet; he 
underwent both aortic valve replacement and myotomy 
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family history of HC, had a 120-mm Hg peak systolic 
pressure gradient between the left ventricle and aorta, 
and a ventricular septum considerably thicker than the 
left ventricular free wall; she underwent aortic valve re- 
placement only. 

The operatively excised valves in our 4 patients actual- 
ly appeared considerably more stenotic than was the de- 
gree of valvular stenosis found at preoperative cardiac 
catheterization. In our 4 patients, however, valvular aor- 
tic stenosis was anticipated because of the presence of an 
additional precordial murmur, calcific deposits in the 
aortic valve on chest x-ray, and aortic regurgitation. 
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FIGURE 1. Left ventricle to ascending aorta pullback pressure 
tracings. The pressure gradient was primarily subvalvular 
with a <25 mm Hg valvular component in patients 1 to 3. AA _ 
= ascending aorta; LV = left ventricle; LVOT = left ventricular 
outflow tract. 
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FIGURE 2. Excised stenotic bicuspid aortic valves from the 4 patients are shown from left to right. Valve no. 4 had a large per- 
foration that was blocked by an area of calcium from the opposite leaflet. 
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Experience with the Gianturco-Roehm Bird’s Nest Vena Cava Filter 
Bryan Martin, DO, Thomas E. Martyak, MD, Thomas L. Stoughton, MD, William A. Collazo, MD, 


and William Pearl, MD 


echanical interruption of the inferior vena cava pro- 
tects patients with lower extremity deep venous 
thrombosis from pulmonary embolism. It is the proce- 
dure of choice for patients who either cannot be antico- 
agulated, or have had recurrent pulmonary embolism 
despite anticoagulation. Extensive experience with the 
Greenfield vena cava filter (Medi-tech Inc., Watertown, 
Massachusetts) has shown long-term caval patency rates 
of >95%, and rates of recurrent pulmonary embolism of 
<5%.' However, a malposition rate as high as 14%, 
premature filter release,* perforation of the inferior vena 
cava and associated structures,’ and femoral vein throm- 
bosis at the site of insertion® remain potential problems. 

The Gianturco-Roehm Bird’s Nest Filter (Cook Inc., 
Bloomington, Indiana), approved for clinical use by the 
Food and Drug Administration in 1989, was designed to 
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FIGURE 1. The Gianturco-Roehm Bird’s Nest vena cava filter. 
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FIGURE 2. The fine wire mesh filter occupies a 6- to 7-cm 
length of inferior vena cava. 


overcome some of the disadvantages of the Greenfield 
filter. Designed for percutaneous introduction through 
the jugular, subclavian and femoral approaches, it con- 
sists of 2 rigid, V-shaped struts, between which are at- 
tached four 25-cm-long, 0.18-mm diameter stainless steel 
wires (Figure 1). Properly positioned, the fine wire mesh 
filter occupies a 6- to 7-cm length of inferior vena cava 
(Figure 2). 

From December 1989 to March 1990, 5 patients, 3 
men and 2 women aged 32 to 81 years, underwent Bird's 
Nest filter placement by the femoral approach at our 
facility. All had malignancies with pulmonary embolism 
or deep venous thrombosis, and contraindications to or 
failure of anticoagulation. 

The Bird’s Nest filter delivery system consists of a 
12Fr sheath designed for insertion over a 0.038-inch 
guidewire, and an 11Fr filter-carrying catheter’ The 
catheter contains the filter, an attached pusher wire for 
filter advancement and release, and a sidearm allowing 
injection of contrast distally to facilitate filter position- 
ing. After obtaining venous access percutaneously, vena 
cavography is performed to assess the presence of 
thrombus, size of the inferior vena cava and renal vein 
locations. The distal ends of the sheath and filter-carry- 
ing catheter are positioned just below the renal veins, 
usually located near the L1-L2 vertebral interspace. 
While holding the pusher wire stable, the catheter/ 
sheath assembly is withdrawn to expose the distal filter 
strut while maintaining its junction point just inside the 
catheter. Gentle advancement of the catheter/sheath as- 
sembly 1 to 3 mm secures the strut and its anchoring 
hooks in the wall of the inferior vena cava. The catheter/ 
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TABLE I Characteristics and Complications of Greenfield 
and Bird's Nest Filters’-1° 


Bird's Nest 
Filter 


Greenfield 


Length (mm) 

Diameter (mm) 

Carrier size (Fr) 

Maximal caval diameter (mm) 

Recurrent pulmonary 
embolism (%) 

Caval patency (%) 

Femoral vein thrombosis (%) 

Migration (%) 

Vascular perforation 


<15 unreported 
uncommon o° 
uncommon Rare 


* Food and Drug Administration approved second-generation device with rigid 
struts. 


sheath assembly is then withdrawn an additional 1 to 3 
cm over the stationary pusher wire to release the distal 
strut from the catheter. This maneuver permits passage 
of the filter wires by further advancement of the pusher 
wire, and provides room for filter formation within the 
inferior vena cava. The filter catheter/sheath assembly is 
then advanced so that the junction point of the proximal 
strut, which still remains in the catheter, overlaps the 
junction point of the distal strut by 1 to 2 cm, thus 
packing the loops of wire in the inferior vena cava. While 
maintaining forward pressure on the pusher wire, the 
catheter/sheath assembly is withdrawn to permit the 
proximal strut to exit the catheter. Gentle to-and-fro 
motion on the pusher wire secures this strut and its 
anchoring hooks in the inferior vena cava. The pusher 
wire is then rotated counterclockwise 10 to 15 turns to 
disengage it from the filter, after which the pusher wire 
and empty filter catheter are removed. The sheath is then 
repositioned, and vena cavography repeated to confirm 
filter placement. 

Successful infrarenal filter placement was achieved 
in all 5 patients by the femoral approach. Although 
generally a simple technique, passage of the 12Fr sheath 
and filter catheter was difficult in 1 case in which the 
inferior vena cava was distorted by retroperitoneal tu- 
mor. The entire procedure, from vena cavography to 
completion, usually required 20 to 30 minutes. No acute 
complications, such as groin or retroperitoneal hemato- 
ma, were noted. Anticoagulation was used when possible 
after the procedure. During follow-up of I to 4 months, 
there was no clinical evidence of local femoral vein 
thrombosis, vena caval thrombosis, recurrent pulmonary 
embolism or filter migration. 

The commercially available Greenfield vena cava fil- 
ter offers caval patency in greater than 95% of cases with 
a low rate of recurrent pulmonary embolism (Table I). 
Although initially designed for placement by venous cut- 
down, percutaneous methods of delivery have been devel- 
oped and are widely used. Despite this and other im- 
provements, technical problems such as angulated and 
misplaced filters, which may fail to protect the patient 
from pulmonary embolism,** and local complications 
such as femora! vein thrombosis, which may be related to 
trauma from the 24Fr filter carrier device,® still occasion- 
ally occur. 








The Gianturco-Roehm Bird’s Nest Filter, designed 
for percutaneous insertion only, is effective with inci- 
dences of clinically suspected recurrent pulmonary embo- 
lism of 2.7% and inferior vena cava occlusion of 2.9% 
after 6 months in 440 patients receiving the initial first 
and second generations of this device.’ Potential advan- 
tages when compared to the Greenfield filter include a 
negligible incidence of clinically recognized femoral vein 
thrombosis when delivered percutaneously from this site. 
As the Bird’s Nest filter is a cluster of wires, meticulous 
alignment within the inferior vena cava, as with the 
Greenfield filter,’ is unnecessary. Additionally, after a 
design change incorporating rigid filter struts, there have 
been no reported cases of Bird’s Nest filter migration. 
However, as migration may be related to poor seating in 
an oversized vena cava, caution is recommended with this 
device when inferior vena cava diameter exceeds 40 mm. 

Randomized clinical trials of the Bird’s Nest, Green- 
field, and other investigational vena cava filters are lack- 
ing. Until such data are available, the choice of device 
should be based on the operator’s experience, the clinical 
situation and analysis of the current published reports.!° 


Our experience with the Bird’s Nest filter has been favor- 
able, and it has proved useful in the management of a 
difficult and fortunately uncommon clinical problem. 
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Frequencies of Reactions to lohexol Versus loxaglate 
James L. Vacek, MD, Lisa Gersema, PharmD, Mark Woods, PharmD, Carol Bower, BS, and 


Gary D. Beauchamp, MD 


adiographic contrast material causes a variety of 
complications and reactions. In an attempt to mini- 
mize these events, alternative contrast agents have been 
developed, which either reduce the osmolality per iodine 
molecule, or reduce the number of charged particles in 
solution, or both.!-8 Reduction of charged particles in 
solution makes some of the newer agents less chemotoxic 
than older ionic agents.>-®-? It has been demonstrated that 
the nonionic contrast agents have fewer hemodynamic 
and electrophysiologic effects than their ionic counter- 
parts. Myocardial contractility and vascular motor tone 
are less affected by the newer agents, as are heart rate and 
myocardial depolarization and repolarization.' +’ It has 
been shown that nonionic agents such as iohexol and 
iopamidol cause fewer allergic, “anaphylactoid” reac- 
tions than standard ionic agents.*.’ Little data compare 
the incidence of reactions with a low osmolar nonionic 
agent such as iohexol with the low osmolar ionic dimer, 
loxaglate. The purpose of this study was to examine the 
occurrence of such events in a group of patients treated at 
the same institution with 1 or the other of these agents 
over the same time period under similar circumstances. 
This study was performed as a Department of Phar- 
macy focus investigation at St. Luke’s Hospital of Kan- 
sas City, Missouri. The hospital records of 534 consecu- 
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tive patients who were studied in the cardiac catheteriza- 
tion laboratory in November and December 1989 were 
reviewed for the occurrence of adverse or allergic reac- 
tions. Patients underwent coronary angiograms or percu- 
taneous transluminal coronary angioplasty, or both, and 
received either iohexol or ioxaglate for radiographic 
contrast (Table I). In 5 cases, the type of contrast was not 
specified, resulting in a study group of 529. None of 
these 5 patients had an adverse reaction. Cardiac cathe- 
terization and angioplasty were performed using stan- 
dard technique. Each cardiologist at our center uses only 
1 of the newer agents for all his cases, based on which he 
feels is safest. As there is no significant cost difference 
for these agents at our hospital, each cardiologist always 
uses his preferred substance for all patients, both high 
and low risk. No routine premedication for prophylaxis 
of allergic reactions was given unless a history of con- 
trast allergy was obtained, in which case prednisone and 
diphenhydramine were administered before the proce- 
dure. Most patients received either no sedative premedi- 
cation for their procedure or small intravenous or oral 
dosages of a benzodiazepine such as diazepam or mid- 
azolam. All patients undergoing angioplasty received 
10,000 U of heparin intravenously at the beginning of the 
procedure, augmented by additional boluses of 5,000 U 
at hourly intervals or as dictated by activated clotting 
times performed in the catheterization laboratory. Hep- 
arin was not routinely used for angiography without 
angioplasty. Plastic syringes were used in all cases. Ad- 
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TABLE I Patient Groups 


lohexol loxagiate Total 
Pts. 205 324 529 



























Procedure 
Angiography (%) 135 (66) 142(44) 277 (52) 
Angioplasty (%) 70 (34)p <0.001 182(56) 252 (48) 
Gender 
Male (%) 138 (67) 243(75) 381 (72) 
Female (%) 67 (33) 81 (25) 148 (28) 
Age (yrs) 63411 62411 63411 
Previous contrast or 11 (5) 11 (3) 22 (4) 
iodine allergy (%) 
Adverse reactions 
Allergic only* 
Hives 4 20 22 
Sneezing 0 5 5 
Itching 1 4 5 
Othert l 5 6 
Total allergic 6 (3) p <0.05 27 (8) 33 (6) 
reactions (%) 
Nausea /vomiting (%) 0 (0) p <0.001 9 (3) 9 (2) 
Total adverse 6 (3) p <0.005 35 (11) 41 (8) 


reactions (%) 











* Some patients had more than 1 type of allergic reaction. 
t Other reactions included lip edema, shortness of breath, seizure, profound flush- 
ing, throat tightness. 

18 total and 15 allergic reactions occurred in this group (6.5 and 5.4%, respec- 
tively). 
"S33 total and 16 allergic reactions occurred in this group (9.1 and 6.3% of this 


group, respectively). — -_ l 
Difference not significant in reaction incidence between angiography vs angio- 


plasty. 


verse reactions were reported by the catheterization lab- 
oratory technical staff, confirmed by the cardiologist 
and recorded by the technical staff. As the technical staff 
continuously rotates with all physicians, they served as a 
control to minimize reporting bias by individual physi- 
cians. Neither the cardiologist nor the catheterization 
laboratory technicians were aware that this study was to 
be performed. Hospital charts were reviewed by mem- 
bers of the Department of Pharmacy for recorded ad- 
verse and allergic reactions and other pertinent data. No 
pharmaceutical company or concern was aware of, par- 
ticipated in, or supported this study. 

Values are expressed as mean + 1 standard devi- 
ation. Group characteristics were compared by chi- 
square analysis with Yates’ correction. A p value <0.05 
was considered significant for differences between pa- 
tient groups. 

Table I compares the incidence of reactions in the 
groups treated with iohexol versus ioxaglate. There was 
a highly significant difference in the occurrence of reac- 
tions to these 2 types of contrast material, with ioxaglate 
showing a significantly higher rate of reported events, 
whether total adverse reactions or allergic responses 
alone were considered. There was no significant differ- 
ence in the incidence of previously documented contrast 
or iodine allergy between the groups (iohexol [n = 11] 
5%, ioxaglate [n = 11] 3%). There was no significant 
difference in the overall incidence of allergic or total 
reactions between patients who had coronary angiogra- 
phy alone versus angioplasty. The incidence of reactions 
during angiography alone was higher with ioxaglate 
(10%) than with iohexol (3%), as was the incidence of 
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reactions during angioplasty (11 and 3%, respectively). 
Allergic reactions were usually treated with intravenous 
diphenhydramine and occasionally with intravenous ste- 
roids. No deaths occurred as a consequence of the reac- 
tions noted previously. No thromboembolic event, signif- 
icant arrhythmia or pulmonary edema occurred in any 
patient. The clinical characteristics of the patient groups 
were similar, other than the type of procedure done (Ta- 
ble I). However, the type of procedure (angiography 
versus angioplasty) did not influence the incidence of 
reactions, as noted previously. 

Those adverse reactions attendant to high osmolality 
are reduced by agents such as ioxaglate, which have lower 
osmolality than ionic contrast. However, ioxaglate is an 
ionic dimer consisting of charged particles in solution that 
still maintains many of the chemotoxic properties of stan- 
dard, older ionic contrast agents. Our study emphasizes 
that, as a possible consequence of its reduced chemotoxic 
effect, a nonionic agent such as iohexol causes a highly 
significant reduction in adverse and allergic phenomena 
when compared to ioxaglate. 

The main limitation of widespread use of the newer 
nonionic contrast agents is their higher cost when com- 
pared to older ionic materials.!? However, a cost advan- 
tage does not hold true for ioxaglate, as it is also quite 
expensive. Many laboratories routinely use 1 of the newer 
low osmolar agents because of their increased safety and 
better patient tolerance. When all factors other than cost 
consideration are taken into account, the use of the 
newer, low osmolar agents is strongly preferred. Our 
study indicates that when agents of similar cost such as 
iohexol and ioxaglate are to be used, the nonionic agent 
iohexol is significantly safer than the ionic dimer ioxa- 
glate. Although none of the patients in this study died as a 
consequence of a contrast-related adverse reaction, it 
would appear prudent to use an agent with a significantly 
safer profile. 
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Safety and Usefulness of Transesophageal Echocardiography in 


Persons Aged >70 Years 


Elizabeth O. Ofili, MD, MPH, and Michael W. Rich, MD, with the technical assistance of Peggy Brown 


and Jean Lewis 


Ithough transthoracic echocardiography remains the 
cornerstone of diagnostic cardiac ultrasound, satis- 
factory images cannot be obtained in up to 20% of pa- 
tients. It may be particularly difficult to acquire high 
quality images in patients on mechanical ventilators, af- 
ter major thoracic surgery, and in the elderly. In addition, 
transthoracic echocardiography is of limited value in as- 
sessing prosthetic valves, atrial masses and aortic dissec- 
tion.? In contrast, transesophageal echocardiography 
(TEE) provides a superior acoustic window and over- 
comes many of the limitations of the transthoracic ap- 
proach. Although several studies have described the safe- 
ty and utility of TEE,'~’ the role of this technique in 
evaluating elderly patients needs clarification. This report 
describes our initial experience with TEE in the awake 
setting in 35 consecutive patients aged 270 years. 
From February 1989 to February 1990, 35 patients 
aged =70 years underwent nonoperative TEE at this 
institution. Mean age was 79 years (range 70 to 86), 14 
patients (40%) were men, and 54% were in New York 
Heart Association functional class II or IV. Eight pa- 
tients (23%) had recently undergone cardiac surgery, 
and 10 patients (31%) were on mechanical ventilators. 
All patients had transthoracic echocardiograms before 
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FIGURE 1. Transesophageal modified 4-chamber view in sys- 
tole showing ruptured tip of papillary muscle (arrow) in the 
left atrium (LA). LV = left ventricle; RA = right atrium; RV = 
right ventricle. 


TEE. In 19 patients (54%) the transthoracic study was 
technically suboptimal for diagnosis; in the remaining 
patients, TEE was performed for further clarification. 
TEE was performed at bedside in 19 patients and in the 
endoscopy suite in 16 patients. 

Informed consent was obtained and patients were 
fasting for 6 hours before the procedure. Local anesthet- 
ic spray (cetacaine) was used to anesthetize the orophar- 
ynx in all patients; 30% of cases required no additional 
sedation. In the remaining patients, intravenous midazo- 
lam, 0.5 to 5.0 mg, provided adequate sedation. TEE 
was performed according to previously described tech- 
niques**° using the Aloka SSD 870 (Corometrics Medi- 
cal Systems, Inc., Wallingford, Connecticut) or the Acu- 
son 128 (Acuson Corporation, Mountainview, Califor- 
nia). No examination lasted >15 minutes and the 
procedure was well tolerated by all patients. One patient 
developed mild hypotension after intravenous sedation. 
This responded promptly to fluid administration. An- 
other patient developed transient respiratory depression, 
which resolved after supplemental oxygen was initiated. 

The indications for TEE were: hemodynamic insta- 
bility (n = 15), suspected prosthetic valve dysfunction (n 
= 5), bacterial endocarditis (n = 4), suspected left atrial 
mass (n = 4), cerebrovascular accident (n = 3), aortic 
dissection (n = 2), atrial septal defect (n = 1), and 
diagnostically inadequate transthoracic study (n = 1). 
In 24 patients (69%), TEE provided new or conclusive 





tral valve (arrow). LA = left atrium; LV = left ventricle; RA = 
right atrium; RV = right ventricle. 
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findings that allowed rapid and effective patient man- 
agement without the need for additional invasive proce- 
dures. In 4 patients, the results of TEE led to major 
changes in patient management and expeditious surgical 
intervention. One patient underwent successful coronary 
angioplasty after an acute inferior wall myocardial in- 
farction, but later developed refractory hypotension. An 
emergent transthoracic echocardiogram was nondiag- 
nostic, but TEE demonstrated a ruptured papillary 
muscle (Figure 1) and the patient underwent successful 
mitral valve replacement. Two other patients also under- 
went successful mitral valve replacement after TEE 
showed severe mitral regurgitation due to flail leaflets. 
A fourth patient presented with transient ischemic at- 
tacks. Transthoracic echocardiogram showed a poorly 
defined mass in the left atrium and ventricle. A prior 
history of malignant melanoma suggested the possibility 
of metastic disease. TEE clearly demonstrated a gelati- 
nous mass attached to the atrial septum consistent with a 
myxoma (Figure 2), and the tumor was successfully 
excised. In another patient, TEE revealed an unsuspect- 
ed large periprosthetic leak from a bioprosthetic mitral 
valve; unfortunately, this patient died while preparations 
for surgery were being made. 

In 19 patients, the clinical impact of TEE was less 
dramatic than in the patients just described, but the 
procedure still provided important information directly 
affecting subsequent patient management. In 6 patients, 


unnecessary medications, including antibiotic and anti- - 


coagulant therapy, were discontinued, whereas in anoth- 
er 6, a medication change based on TEE findings led to 
clinical improvement. Finally, in 7 additional patients 
TEE provided definitive diagnoses that led to the avoid- 
ance of further tests or procedures, including cardiac 
catheterization. 

The role of TEE in clinical decision-making continues 
to evolve. High quality images can be safely obtained in 
both the intraoperative and awake settings.'~© Despite 
being a modestly invasive technique, our data show that 
TEE is well tolerated by elderly patients, even when they 
are critically ill. These findings are consistent with studies 
in younger patients! and less ill subjects.> Hypotension 
and respiratory depression may occur after intravenous 
sedation, but in our early experience these problems re- 
spond readily to conventional therapy. Importantly, we 
have found that most elderly patients require minimal 
sedation: In up to one-third of patients, local anesthesia is 
sufficient, whereas in the remaining patients, 0.5 to 1 mg 
of intravenous midazolom is often adequate. 

Although this study is limited by its small sample size, 
our data suggest that TEE is particularly useful in specif- 
ic subsets of elderly patients. Critically ill subjects on 
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mechanical ventilators or after recent cardiothoracic sur- 
gery can be rapidly and effectively evaluated by this 
technique.? These patients may develop sudden hemo- 
dynamic deterioration requiring rapid diagnosis and 
treatment. The superior acoustic window provided by the 
esophageal approach, coupled with the absence of lung 
and chest wall interference, may make TEE the imaging 
procedure of choice in these patients. Similarly, in pa- 
tients with mechanical complications after acute myocar- 
dial infarction or with suspected severe mitral regurgita- 
tion, the surface echocardiogram may be inadequate for 
accurate diagnosis,’ whereas TEE is frequently conclu- 
sive. 

TEE is also valuable in the differential diagnosis of 
suspected intracardiac masses. Artifacts caused by reflec- 
tion of ultrasound waves from calcified structures such as 
the mitral anulus may mimic mass lesions in elderly pa- 
tients undergoing transthoracic echocardiograms. In our 
study, TEE provided definitive information in 9 of 10 
patients in whom the transthoracic study was nondiag- 
nostic with regard to a possible cardiac mass, thrombus or 
vegetation. 

A final situation in which TEE is particularly useful is 
in the assessment of prosthetic valves.2° In our study, 5 
patients with suspected prosthetic valve dysfunction were 
evaluated and in each case TEE provided clear visualiza- 
tion of the valve and yielded definitive diagnostic infor- 
mation which, in 1 patient (Figure 1), led to prompt 
referral for surgery. 

These preliminary data indicate that TEE can be per- 
formed safely in elderly patients, and that it frequently 
provides important diagnostic information that has a sig- 
nificant impact on clinical management. 


1. Geibel A, Kasper W, Behrez A, Przewolka U, Meinertz T, Just H. Risk of 
transesophageal echocardiography in awake patients with cardiac diseases. Am J 
Cardiol \988;62:337-339. 

2. Seward JB, Khandheria BK, Oh JK, Abel MD, Hughes RW, Edwards WD, 
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nique, anatomic correlations. implementation, and clinical applications. Mayo 
Clinic Proc 1988;63:649-680. 
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Role of transesophageal echocardiography in the diagnosis of papillary muscle 
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and transesophageal echocardiography in diagnosis of left atrial myxoma. Am J 
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No two are exactly al 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 
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Put our SSH-140A Cardiovascular Ultrasound System to the test. Just turn it on and turn it loose. No 


worries, plugging it in may just be the most stressful challenge you face. Ask why we'e the fastest 
growing ultrasound company in the United States. We'll point out that our TEE transducer just doesn't 
break down. Or that our software-driven technology upgrades easily and economically. We offer 
complete vascular capability for the price of a transducer. And we control the manufacturing process 
—from producing our own transducer crystals, to the printed circuit boards and critical electronic 
components. And that's why we can offer the industry's most comprehensive 100% Uptime Guar- 
antee. Compare the total picture. Side-by-side. Head-to-head. Any way you look at it. When you judge 
Reliability, Image Quality, Portability and Technology— Toshiba is the only system that stands the 


test. So give us a call at 1-800-426-6025. We'll give you a demo that will put your mind at ease. 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 

A Brief Summary follows. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS) 

3. Hypersensitivity to gemfibrozil. | ae 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treaied with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 11/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. Agallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired leve! to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness. or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rnabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of . 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1) In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome . 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were Statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%): 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; /ntegumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: contu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
Caution — Federal law prohibits dispensing without prescription. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,' and nearly two thirds of people 
who developed myocardia! infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol 2 


HEART ATTACK PATIENTS 


(PROCAM TRIAL)? 
LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious — 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)3 


A powerful case for 


PID) < 


(gemfibrozil) ‘sine 


RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 

“Defined as a combinatiom of definite coronary death and/or definite myocardial änfarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. $. Lipid levels in 500 survivors of myocardial 
infarction. J Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Munster Trial. Zürich: Panscientia Verlag; 1986:6-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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